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My dissertation comprises three studies that collectively understand the role of financial 
incentives in motivating physical activity (PA) using insights drawn from behavioral 
economics. Study 1 showcases a literature review that sought to elucidate the effects of 
financial incentives for promoting PA under free-living conditions. Study 2 involves a 
randomized controlled feasibility trial that examines the effectiveness of tournament-style 
financial incentives in promoting stair use. Study 3 is based on results from an online survey 
that sought to measure respondents’ stated willingness to participate in a hypothetical 
randomized controlled trial (RCT) when offered financial incentives. The thesis highlights 
several points including the need for larger, methodologically rigorous RCTs that focus on 
testing the long-term effects of financial incentives on free-living PA, how tournament-style 
financial incentives are not the best choice to motivate stair use, and how participants may be 
more willing to participate in a PA trial with individual-based financial incentives. 
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ABSTRACT 	  
Study 1: Literature Review 
Physical inactivity and sedentary lifestyle continues to increase and pose a substantial 
economic burden in most developed countries. Behavioral economics interventions that 
“nudge”, which is to subtly influence individuals’ behaviors, have significant potential in this 
aspect. However, for widespread implementation of physical activity (PA) interventions on a 
broad population basis, the effectiveness of such strategies needs to be evaluated. The aim of 
the present systematic review is to summarize the current evidence relating to the impact of 
financial incentives on promoting PA and to assess the effectiveness of such intervention 
strategies for application in adults aged 18 to 64 years. 
 
A systematic search of seven electronic databases (Medline/PubMed, Econlit, PsycINFO, 
Embase, Scopus, Cumulative Index to Nursing & Allied Health (CINAHL Plus), and The 
Cochrane Library) for randomized controlled trials (RCTs) reporting the effectiveness of 
financial incentives on PA-related behaviors and outcomes was conducted. A total of 3,861 
publications were identified, and 5 randomized controlled studies 1–4 that reported using 
financial incentives met the requirements for inclusion in the review.  
 
This literature review reveals that few papers report the use of financial incentives, which 
qualify as empirical evidence to guide its application in promoting free-living PA. There is a 
need to conduct high-quality RCTs to determine whether financial incentives have any long-
term effect on free-living PA. Despite the growing literature on the widespread use of 
financial incentives on motivating PA as part of wellness programs, there are clear indications 
that there is a gap in the literature related to the use of financial incentives in promoting free-
living PA. More specifically, studies found in the literature mostly utilized financial 
incentives in fairly small-scale and short-term settings, few studies explored relations between 
long-term effects of financial incentives on motivating free-living PA. For these reasons, 
 8 
there is also a need for larger, more methodologically rigorous RCTs in this area.  	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Study 2: Randomized Controlled Feasibility Study 
The negative impact of a sedentary lifestyle and physical inactivity often goes beyond the 
escalating prevalence rates of obesity to wider implications including a substantial economic 
burden it poses to most developed countries. The last decade has seen a growth in the use of 
financial incentive interventions, particularly in wellness programs aimed at promoting 
behavior change and healthier lifestyles within the work environment. The purpose of the 
present study was to investigate the role of tournament-style financial incentive (individual-
level competitive prize of S$150) in motivating daily stair usage at the workplace over a 6-
week period between July and October 2014. This study incorporates behavioral economic 
principles, a workplace stairs competition and point-of-decision prompts to offer insights on a 
behavioral reinforcement strategy on stair use.  
 
Following completion of a baseline assessment questionnaire, participants (n=41) were 
randomized to one of the two experimental groups: (i) control group without financial 
incentives (n=20); or (ii) intervention group with financial incentives (n=21). A self-
monitoring steps cum calories tracker app was installed into the mobile devices of 
participants in both groups and used to collect step-count data from stair ascending and 
descending. After 6 weeks, the difference in mean step-count between intervention and 
control groups was 7,743 steps (95% CI: 2,889 – 12,598, p=0.003). While it may appear that 
participants in the financial incentive intervention group may have outperformed the control 
group through increased stair usage based on the QR code scan records, it is uncertain 
whether there has been a severe underestimation of scan rates from the control group due to 
the lack of QR code scans as opposed to the lack of stair use.  
 
Important trade-offs exist when using tournament-style financial incentives to motivate stair 
use. First, evidence suggests that participants in the financial incentive intervention group 
were more likely to descend the stairs than climb the stairs during the intervention period. 
Second, issues related to waning and inconsistent app usage tended to render its use as an 
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objective and valid outcome measure problematic. Third, such incentives basically reward 
people who are already physically fit and this results in an unequal effect right from the 
beginning. Fourth, due to the use of QR code scan records as an outcome measure, 
measurement errors would have been very much nonrandom and that the rate of cheating 
would not likely be balanced in both arms. Further research should be broadened to include 
investigating step-counting or mobility monitoring devices, which have been shown to 
provide both reliable and valid outcome measures of physical activity, and multicomponent 
interventions that promote physical activity effectively, equitably and sustainably. 
 
Study 3: Web-based Self-Administered Questionnaire 
Financial incentives are increasingly being used to motivate individuals to increase physical 
activity, although evidence of its short-term and long-term effects in behavior change is 
mixed, and less compelling. As such, it may be necessary to explore other types of financial 
incentives that may potentially engage individuals to change their physical activity behavior. 
Following this line of thought, this study involves designing and implementing a cross-
sectional online self-administered questionnaire that explores the use of one type of financial 
incentives to influence respondents’ willingness to participate in a RCT with a charitable 
component. While the likelihood of participating in the hypothetical trial may be limited in 
predicting actual participation decisions, it will likely help to shed light on the factors 
associated with hypothetical willingness including the use of individual- versus group-based 
prosocial incentives, and choice or no-choice in selecting group members if randomly 
assigned to the group-based prosocial incentives arm.  
 
The findings show that depending on how the resulting responses are categorized – “Maybe” 
responses being categorized as a “Yes” decision or a “No” decision – there might be an 
increase or decrease in the people’s willingness to participate, and hence compliance with 
daily step goals (10,000 steps/day) in the hypothetical RCT. This poses a major limitation in 
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advancing the understanding of prosocial incentives for use in intervention programs 
designed to promote physical activity. 
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1.1 Background and Rationale 
Promoting physical activity (PA) has been an imperative for public health since the early 
2000s. 5 As part of many government policy and statements of commitments, this narrative is 
consistent with the observations of cooperative ventures and initiatives between the public 
and private sectors in Australia, South Africa and the US. 6–8 From a population health 
perspective, the serious threat posed by non-communicable diseases (NCDs) on human health 
calls for a balanced approach for reducing the impact of NCDs such as placing poor diet and 
physical inactivity at the focal point as part of an effective response to public health 
imperatives. 
 
The global registered prevalence of insufficient PA among adults 18 years of age and above 
in 2010 is more than 20%. 9 Overall, younger adults are more active compared with older 
adults, and from the data extracted from the World Health Organization (WHO) website, 
countries that registered the highest prevalence of insufficient physical activity include the 
Americas Region followed by the Eastern Mediterranean Region. 9 Although the comparison 
with other regions showed that inadequate PA is the lowest in the South East Asian Region, it 
is not a time to rest on our laurels. In fact, it should be a time for intensification of efforts to 
develop and evaluate evidence-based intervention programs that will inform strategies that 
can effectively promote PA – stemming the tide of insufficient physical activity in the 
population. 
 
The growing availability of affordable wearable technologies, such as pedometers embedded 
in smartphones, has provided new tactics for encouraging PA in free-living conditions. In 
these instances, the assessment of physical activities under free-living settings includes 
walking, climbing stairs, running and cycling. Several recent studies have suggested a 
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potential role for such pedometer-based interventions for monitoring, measurement and 
possibly improvement of PA within various population subgroups. 10–12 However, even 
though current insights from the published literature suggest that pedometer-based 
interventions may be a useful strategy for increasing daily step-counts, 10,13 future studies 
should integrate more objective methods, especially accelerometers or pedometers validated 
in large population-based studies to monitor PA. 
 
In light of the recent focus on financial incentives and smartphone applications, and their 
potential to promote and support change in PA and weight loss, 14–16 the aim of the first part 
of this research has a two-pronged objective. The first objective is to perform a literature 
review to assess the effects of financial incentive for promoting PA under free-living 
conditions, and the second objective is to examine the effectiveness of tournament-style 
financial incentives in motivating stair use through conducting a randomized controlled 
feasibility trial in a workplace setting.  
 
1.2 Thesis Aims 
The objective of this thesis is to examine the use of financial incentives in motivating health-
related behavior including physical activity and stair use. In addressing this aim, the thesis has 
the following objectives: 
1. To provide a review of the literature on the use of financial incentives in motivating 
free-living physical activity (Chapter 2) 
2. To estimate the effectiveness of tournament-style financial incentives in motivating 
stair use in a workplace setting (Chapters 3,4 & 5) 
3. To explore the use of financial incentives tied to prosocial preferences as motivation 
for willingness to participate and comply with daily step goals in a hypothetical 
randomized controlled trial (Chapter 6) 	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1.2.1 Study 1 
Reviewing the literature on the use of financial incentives in motivating free-living 
physical activity 
Chapter 2 presents Study 1 that provides an overview of the context in which this thesis is 
embedded through reporting a literature review on the use of financial incentives in 
motivating free-living PA. The chapter presents the review protocol and review findings 
about the effectiveness of financial incentive interventions by: (i) distinguishing the different 
types of financial incentives that have increased PA in free-living conditions, (ii) identifying 
characteristics of study populations who have been provided with financial incentives, and 
(iii) identifying the extent to which incentives have resulted in changes in PA level at the end 
of intervention period and upon discontinuation of the incentives during the post-intervention 
follow-up period.  
 
The rationale and driving force to conduct this literature review is largely based on the need 
to identify and incorporate current evidence-based approaches that are effective in motivating 
PA in free-living conditions for future work. 
 
1.2.2 Study 2 
Exploring the effectiveness of tournament-style financial incentives in motivating stair 
use in a workplace setting 
Chapters 3, 4 and 5 present Study 2, which complements findings from Study 1, by exploring 
the feasibility of tournament-style financial incentives in motivating stair use with a 
randomized controlled design. The study reports an interventional strategy; data collected 
through pre- and post-intervention surveys; outcome comparison; and evidence for the 
effectiveness of financial incentives. The study further examines whether the effects may be 
overestimated due to the failure to use a valid outcome assessment tool, thereby making trial 
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results obtained from primary outcome measure unreliable and problematic when 
implemented across the incentivized and control groups.  
 
The rationale and driving force to conduct this randomized controlled feasibility trial is 
largely based on the need to fill a knowledge gap, particularly whether tournament-style 
financial incentives are effective in motivating PA under free-living conditions in a workplace 
setting. 
 
1.2.3 Study 3 
Further exploration of the use of financial incentives tied to prosocial preferences as 
motivation to induce participation and compliance in a hypothetical RCT 
Chapter 6 presents Study 3 that builds on the findings to-date (i.e. Study 1 and 2) based on 
data gathered from an online survey. The survey findings detail the trends in voluntary 
contributions to charities among Singaporeans and Singapore residents and whether certain 
contextual factors (e.g. financial incentives tied to prosocial preferences) can influence 
respondents’ willingness to participate in a hypothetical, randomized controlled trial with a 
charitable component, and their decision to engage PA in free-living conditions. This web-
based self-administered questionnaire further assesses whether being randomized to a group-
based prosocial incentive arm as opposed to an individual-based incentive arm could lead to 
greater willingness to participate and compliance to daily step goals of 10,000 steps per day in 
a hypothetical randomized trial. 
 
The rationale and driving force to conduct this web-based self-administered questionnaire is 
mainly based on the need to help enhance understanding of how best to conduct a randomized 
controlled trial for evaluating the effectiveness of financial incentives tied to prosocial 
preferences (hereafter referred to as altruistic or prosocial incentives) in increasing PA in 
free-living conditions in Singapore. 
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1.2.4 Conclusion and Implications 
The thesis closes with Chapter 7, which consists of summary of the main findings and their 
related implications for future research and public health practice. 
 
1.3 Prevalence of Physical Inactivity Worldwide 
The current definition of physical activity (PA) identified based on the criteria set by the 
World Health Organization (WHO) is “any bodily movement produced by skeletal muscles 
that require energy expenditure”. 17 The definition according to the International Physical 
Activity Surveillance, was extended to cover time spent (lasting longer than 10 minutes) in 
walking and other moderate-to-vigorous intensity activities across four specific domains: 
“work-related, transportation, housework/gardening and leisure”. 18 While regular and 
sustained PA lowers risk of chronic diseases including coronary heart disease, insufficient PA 
accounts for more than 3.2 million deaths and 32.1 million disability-adjusted life years 
(DALYs) yearly. 17,19–21 In the same vein, physical inactivity can be defined in terms of “the 
occurrence of insufficient PA, and classified as not meeting current recommendations of at 
least 150 minutes of moderate PA per week, or five times 30 minutes of moderate PA per 
week, or three times 20 minutes of vigorous activity per week, or equivalent.”  17 
 
It is now understood that insufficient PA not only affects health, but its rising prevalence has 
been attributed as the fourth leading risk factor for global mortality. 17 The increased 
prevalence of insufficient PA has also been associated with a rise of obesity, and a variety of 
chronic health conditions in adults across the world. 22 So far, this rising prevalence has led to 
grim forecast for the future prevalence of obesity and obesity-related diseases in United States 
and Australia. Based on the projected increases in the prevalence of insufficient PA, the 
predicted economic consequences may include lost wages due to absences from work, and 
reduced productivity due to premature mortality and physical morbidity associated with being 
overweight or obese. 23,24 
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1.4 Prevalence of Physical Inactivity in Singapore 
In Singapore, the prevalence rates for physical inactivity and obesity-related health problems 
are increasing across broad age groups – from young children to adults. 25 According to the 
recent 2010 National Health Survey conducted by the Singapore Ministry of Health, more 
than one-third (39.1%) of Singapore residents aged 18 to 69 years, are physically inactive and 
about 10.8% of the local population are obese. 25  In comparison, the prevalence of obesity 
among Singapore residents between 18 and 69 years of age was 6.9% in 2004. This 
continuing trend of sedentary lifestyle has led to sobering predictions about the future 
prevalence of obesity and health problems related to being overweight. Furthermore, it 
exposes people to the risk of loss of employment income, and reduced productivity due to 
early death, diseases and disorders associated with excess body weight – all of which has to 
be thwarted in its tracks.  
 
Companies, schools and government agencies must take the lead to reverse their priorities and 
focus on creating and promoting novel solutions to support greater levels of PA. Whether it is 
lifestyle, aerobic, or strength activities, different ways to increase daily PA, including 
enhancing stairway visibility and making streetscapes more pedestrian and cyclist friendly, 
should be considered. 26 For the purpose of this thesis, the research to be conducted centers on 
the use of external rewards, in the form of monetary incentives to motivate PA. Research will 
also be directed to determine the incentive type that is most appropriate to spur individuals to 
initiate PA behavior change and lead healthier lifestyles. 
 
1.5 Current Intervention Recommendations to Increase Physical Activity 
Recommendations on interventions to increase PA had previously been made by the United 
States Task Force on Community Preventive Services (hereafter referred to as the Task 
force). 27 In the report, recommendations were made following careful consideration of the 
effectiveness of interventions as indicated by the systematic literature review process and 
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evidence of effectiveness as determined through strategies tested at the community level 
across three key domains: informational approaches, behavioral and social approaches, and 
environmental and policy approaches. 28 In essence, a number of themes were identified 
through the interventions reviewed by the Task Force. The main theme that emerged for 
informational approaches to increasing PA was evidence for community-wide campaigns. 
Themes that emerged for behavioral and social approaches to increasing PA include evidence 
for individually adapted health behavior change programs, social support interventions in 
community-settings, and enhanced school-based physical education. Other themes that 
emerged for environmental and policy approaches to increasing PA include evidence for 
community-scale and street-scale urban design and land use policies, access to places for PA 
and health education outreach activities, and point-of-decision prompts to motivate stair use 
as complementary to elevators or escalators. 27  
 
From these thematically arranged interventions recommended by the Task force, it became 
apparent that information related to the suitability of financial incentives as a potential 
intervention to meet public health goals of increasing free-living PA was lacking. As such, the 
goal of future literature reviews would be to explore whether financial incentive-based 
interventions for promoting physical activity in free-living conditions would be worthwhile.	  
 
1.6 The Next Chapter 
The following chapter describes Study 1, a literature review, comprising the review protocol, 
databases searched, and summary of the characteristics of journal articles selected that 




Study 1: Literature Review 
 
 






2.1.1 Introduction to Traditional Economics and Behavioral Economics 
Traditional or standard economics, which is rooted in the laws of supply and demand, stresses 
that individuals are rational, and while subjected to time and budget constraints, are utility 
maximizers in their everyday pursuits. The concept of utility maximization can also be better 
understood through visualizing the equivalence point between the marginal beneﬁt an 
individual derives from the final moment of the activity and the marginal cost of engaging in 
the same activity. Under such circumstance, individuals can be expected to persist in the 
activity for prolonged periods when the marginal benefits outweigh the marginal costs. 29 
 
Behavioral economics, which gained momentum after the last few cycles of financial crisis in 
the past 30 years, emphasizes a combination of behavioral insights and traditional economic 
models in order to provide an explanation for why people may choose to act in ways that 
yield poor outcomes and stray from rationality. Unlike traditional economics, where 
individuals are said to weigh out the benefits and costs of each decision as best they can to 
obtain the greatest utility, behavioral economics accounts for the individuals’ inherent failure 
to consistently balance the benefits and costs. In other words, in operationalizing this train of 
thought, it departs from traditional economics by accommodating emotional and cognitive 
biases in the decision making process. 30 
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2.1.2 Role of Financial Incentives in Behavioral Economics 
As a discipline that sits at the intersection of psychology, sociology and economics, 
behavioral economics provide a theoretical framework to set up the context and justification 
for the use of financial incentives to bring about behavior change. More specifically, it 
suggests that ﬁnancial incentives can motivate people to change their behavior by addressing 
the cognitive biases, which distort decision-making, regardless of whether the marginal 
beneﬁts actually outweigh the marginal costs associated with that behavior. 29,31 
 
The effectiveness of financial incentives, as explored in empirical tests – with mixed results –
have been published across a variety of behavioral domains, including flu vaccination, 32 
abstinence in substance abuse, 33 tobacco use, 34 nutrition, 35 and weight loss. 36 Compared to 
weight loss, which has distal consequences on behavior, physical activity has more proximal 
consequence on behavior, mainly due to its directly observable manifestations like physical 
sensations, and it too, has been tested with financial incentives. 4  
 
In spite of the mixed results as reported in these studies, a deeper look at the provision of such 
self-benefiting financial incentives will reveal underlying cognitive biases or psychological 
frictions that these incentives seek to address. 37 Furthermore, understanding these 
psychological biases will also provide insights into improving incentive design so as to 
produce desired behavior change. The following section summarizes the several cognitive 
biases that affect health behaviors related to this research. 
 
First, in dealing with time-inconsistent preferences, it is necessary to consider how humans 
respond to trade-offs due to preferences for utility now versus utility later. 38,39 Whether it is 
making suboptimal choices or undertaking undesirable actions from eating more to exercising 
less and becoming sedentary today thereby resulting in one discounting his/her own future 
health benefits, 40,41 the objective calls attention to bridge the intention-behavior gap. Second, 
in dealing with present bias, it is necessary to consider how humans tend to place too much 
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emphasis on the present and too little on the future, thereby resulting in the apparent utility of 
the smaller-sooner reward becoming increasingly salient over the larger-later reward. Present 
biased preferences, also termed hyperbolic discounting, 39 makes it difficult for people to 
focus on the delayed rewards and the overall fitness and health benefits of physical activity in 
the long-run. For such individuals, rewards obtained in the present (e.g. discomfort and time 
saved from taking the elevator as opposed to walking up the stairs) are perceived as more 
valuable than rewards in the future. In this case, even when the present rewards have a lower 
actual value, it is still considered to be a form of gain from postponing physical activity. 
Third, in dealing with salience effects, it is necessary to consider how factors that are more 
salient tend to weigh more heavily on decisions. 42 In this regard, the salience effects of 
financial incentives for increasing physical activity will play a significant role in the way 
participants prioritize information in decision-making, and subsequently physical activity 
engagement. Fourth, in dealing with probabilistic assessment bias, it is necessary to consider 
how tournament-style financial incentives actually exploit this bias in that people may be 
more likely to want to increase their daily step-count based on their assessment of their 
probability of winning the top prize. Beyond their probability of winning the top prize, 
competitions also give individuals the option to choose and the feeling of control in making a 
huge gain despite small probabilities. 43  
 
In the next section, a literature review pertaining to whether financial incentives have been 
effective in motivating physical activity across various settings is described. 
 
2.2 Methods 
2.2.1 Search Databases and Search Strategies 
The primary search strategy involved identifying relevant literature published in Medline/ 
PubMed, Econlit, PsycINFO, Embase, Scopus, Cumulative Index to Nursing & Allied Health 
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(CINAHL Plus), and The Cochrane Library. All entries were retrieved from each respective 
database and exported into Excel spreadsheets. 
 
A structured approach was adopted to facilitate the search process, wherein key words that 
matched closely and were relevant to the use of financial incentives to motivate physical 
activity in free-living conditions were used to identify all relevant current publications 
published before May 2016. The search process entailed using different combinations of the 
Boolean operators “AND”, “OR” and “NOT”, and keywords including: “financial 
incentives”, “incentives”, “physical activity”, “behavioral economics”, “behavior change”, 
and “behavioral interventions”. The literature search was limited to articles that used a 
randomized controlled trial design and was published in English, articles published in others 
languages were excluded from the review process. 
 
In the present review, PA under free-living conditions is defined as the physical activity 
levels typically performed by individuals at their own pace within their own capabilities and 
environment, and not in a laboratory-based research setting. 44 Structured exercise programs, 
which is usually carried out with a purpose such as improving cardiovascular fitness, will be 
excluded from the review process due to the prospect of increasing self-selected PA. Results 
from all seven databases were combined and duplicates were removed. 
 
A separate secondary search strategy using a “snowball” technique was also conducted to 
follow up citations and references from identified papers, according to criteria relevant to this 
review. For instance, a useful source of RCTs would be identified though hand-searching 
published systematic reviews of free-living PA interventions. 5,45–50 Grey literature found on 




2.2.2 Study Selection 
The initial search involved inspection of study titles and abstracts of articles obtained through 
database searching and articles from snowball citation analysis. The next stage of selection 
process involved screening for relevance that was made based on review of titles and 
abstracts of relevant articles. For abstracts that potentially fulfilled the criteria, but required 
further clarification to render their inclusion, full-text articles were retrieved for further 
investigation.  
 
After a preliminary title and abstract review, one researcher subsequently retrieved eligible 
articles for full-text assessment. The extraction of data from these articles was subsequently 
undertaken for further examination by the same researcher. Studies that met the selection 
criteria below, and studies that were excluded mainly due to non-relevant information, or 
were duplicates, were presented in the Preferred Reporting Items for Systematic reviews and 
Meta-Analyses (PRISMA) guidelines flowchart (Figure 2.1). Studies were included if the 
following were explicitly addressed: 
(a) Effectiveness of financial incentives to motivate free-living PA behavior 
(b) Randomization as the method for allocating participants into intervention or control 
groups 
(c) Comparison with a control group (e.g. no intervention/treatment arm) 
(d) A focus on adults, aged 18 years and above 
(e) Recruitment of healthy volunteers (e.g. free of chronic disease(s)) 
(f) Use of an intention-to-treat (ITT) approach for data analysis  
 
The Cochrane Handbook for Systematic Reviews of Interventions was also referred to as a 
guideline for the identification of studies and assessment for eligibility based on 
methodological quality and data extraction. 51 To assess the study quality, the Cochrane Risk 
of Bias Tool was used as a reference guide. 52	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The criteria for exclusion from the literature review were based on the following: (i) studies 
with a non-randomized or quasi-experimental study design, (ii) studies with no control arm 
but compared the effects of two or more interventions involving financial incentives were 
excluded, (iii) inappropriate control group, (iv) published in other languages instead of 
English, (v) inclusion of under 16s, and (vi) loss to follow up that exceeded 20%. 
	  
Figure 2.1: Study flow diagram based on process and results of literature search (PRISMA).1 
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2.3.1 Summary of Selected Studies 
Of the 3,861 published studies found through the literature search, 3,829 studies were 
removed after screening of titles and abstracts for relevance (Table 2.1). A total of 32 studies 
were shortlisted to be potentially relevant across the different electronic databases, and after 
removing duplicates, a total of 20 unique articles were retrieved for full-text examination.  
 
Table 2.1: Distribution of literature search results by electronic database and snowball 
strategy.1 





Medline/PubMed 2,243 9 
20 5 
Econlit 3 0 
PsycINFO 54 1 
Embase 869 5 
Scopus 23 5 
Cumulative Index to 
Nursing & Allied Health 
(CINAHL Plus) 
440 2 
The Cochrane Library 47 2 
Snowball (e.g. Hand search) 182 8 
Total 3,861 32 
 
Upon reviewing the full-text of the 20 articles retrieved, 15 studies were dropped from the 
analysis due to reasons including: (a) financial incentives for promoting preventive health 
behavior associated with weight loss; 15,53–59 (b) intervention that combined financial 
incentives and non-incentive-based behavior change technique (e.g. motivational 
interviewing, remote coaching, operant principles); 1,2,60 (c) physical activity was not assessed 
under free-living conditions; 61 (d)  participants who were not free of chronic diseases (e.g. 
hypertension); 62 (e) conference abstract subsequently published as full paper included in 
review; 63 (f) conference abstract to be discussed in length in subsequent chapters; 64 and (g) 
hybrid incentive intervention consisting of financial incentives and a commitment device (i.e. 
deposit contract) to promote gym attendance, which does not guarantee or translate into 
physical activity, and hence was considered a poor proxy for free-living physical activity. 65 
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A total of 5 studies were identified for further analysis after screening for inclusion. Data 
from each included study were extracted according to the following: (i) study characteristic 
(i.e. author, year, country of study and study setting), (ii) study objective, (iii) financial 
incentive framework, (iv) intervention design, (v) total number randomized, (vi) intervention 
and follow-up duration, (vii) physical activity outcome, (viii) study findings and (ix) 
effectiveness of incentives were summaried in Table 2.2. 
 
One researcher assessed independently the risk of bias of the included studies. According to 
the recommended approach included in the Cochrane reviews, the risk of bias was low in 
most areas in most studies (See Appendix 2.1 for Risk of Bias Summary Figure). The risk of 
bias was high in relation to blinding in several studies, presumably due to the nature of the 
interventions. 
 
2.3.2 Summary of Study Characteristics 
Table 2.2 described the five selected studies. In terms of participant characteristics, the 
selected studies recruited individuals with a wide range of ages (18–80 years). While most 
studies included both males and females, study participants were mainly females. 
Interventions were mostly conducted in the workplace among employees (2 studies in the 
USA; 1 study in the UK) but also in the community among older adults (2 studies in the 
USA).   
 
Two studies targeted the older adults population, one study targeted an overweight (BMI>25) 
and obese (BMI>30) population, three studies specifically included employees in the 
workplace. The financial incentives used in the interventions described in this review were 
mostly categorized as cash incentives (n=3). The other categories included were non-cash 
(n=1), and lottery-based incentives (n=1). Participants in the intervention groups of most 
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studies were rewarded with financial incentives contingent upon performance or meeting 
physical activity goals.  
 
Recruited participants also provided information pertaining to self-reported PA through a 
questionnaire assessed at baseline and received financial incentives contingent on performing 
targeted outcome – free-living PA. The targeted outcome was reported in a range of 
continuous outcome (quantitative) measures: two studies used the mean proportion of 
participant-days that the step goal (7,000 steps/day) was achieved, one study used the mean 
daily aerobic minutes, one study used the moderate-vigorous PA minutes per week, and one 
study used the outcome of steps per day.  
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Kullgren et 
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and effectiveness of incentives. 
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Among the included studies examined in this review, the intervention periods were less than 6 
months (range = 1 – 4 months). Although the follow-up periods varied, no study lasted beyond 6 
months, and one study did not have a follow-up period (range = 0 – 3.5 months).  
 
The outcomes of physical activity as reported in each study were objectively measured physical 
activity. Two studies employed Moves (ProtoGeo Oy),  a mobile application that uses the 
accelerometer embedded within the smartphone to capture the step-count data. 67,68 One study 
employed Omron HJ-720IT (Omron Healthcare Inc.), a wireless activity tracker that uses a 
piezoelectric sensor embedded within the pedometer to detect step activity across all planes of 
movement, which is then translated into aerobic minutes. 4 One study employed Fitbit 
(www.fitbit.com), a personal activity monitoring device that uses a wireless pedometer to 
capture daily step activity. 3 One study employed a web-based loyalty card program for 
capturing of minutes spent on moderate-vigorous physical activity. 66 
 
2.3.3 Effectiveness of Financial Incentives 
Only two of three studies conducted in the workplace setting, which had used cash incentives 
contingent upon meeting physical activity goals, detected an effect of financial incentive on 
physical activity goal attainment at the end of intervention period. One study showed that a 
higher mean proportion of participants achieved step goal of 7,000 steps per day with a 
combination of incentive-types (individual + team incentives) compared to the control group 
(unadjusted difference: 0.17, 95% CI: 0.07–0.28, p<0.001) over a 13-week intervention period. 
67 The second study showed that a higher mean proportion of participants achieved step goal of 
7,000 steps per day with loss-framed incentives compared to the control group (adjusted 
difference: 0.16, 95% CI: 0.06–0.26, p=0.001) over a 13-week intervention period. 68 
 
Only one of two studies, which recruited older community dwelling participants and had used 
cash incentives contingent upon performance of physical activity, detected an effect at the end of 
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intervention period.  This same study showed that the intervention group logged an average of 
108 minutes per week, which translated to an average of an additional cash payment of $17.50 
weekly more than the control group. 4  
 
On the whole, several comments are noteworthy in the scope of this review. First, based on the 
selected studies, a direct comparison could be made for interventions with and without financial 
incentives. Second, the results provide evidence of a positive effect favoring cash incentives, at 
least in the short-term in three out of five studies. 4,67,68 This review suggests that financial 
incentives may affect physical activity outcomes, and particularly cash incentives of a higher 
value may also lead to better effects. Although, for studies investigating the effect of a non-cash 
incentives for physical activity behavior, no promising results were found. 
 
Third, significant mean differences were detected for specific between-group comparisions: (i) 
loss-framed cash incentives and control groups, and (ii) combination of incentive-types 
(individual + team incentives) and control groups. This further suggests that such financial 




An interesting observation gleaned from this literature review, was that the main reason for 
exclusion had to do with financial incentives being offered as part of structured exercise 
programs or exercise on prescription schemes, rather than in unsupervised PA under free-living 
conditions. Although two recent reviews had indicated that natural enviroments or physical 
environmental factors such as green open spaces and aesthtically pleasing green spaces can 
positively encourage people to engage in PA, and may eventually influence longer term behavior 
change, 69,70 the size of the positive effect change were often small and potentially confounded 
by small sample bias, thereby limiting the statistical power of included studies. As such, in an 
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attempt to complement existing knowledge of how nature can be a motivational factor to engage 
in PA, the primary focus of this review was to examine the how financial incentives can be used 
to promote free-living PA in adults.  
 
At first glance, one might be convinced that the definition of what constitutes PA is likely to be 
homogeneous across every single study included in the systematic review, otherwise any 
confusion in the definition of PA might cause misleading inferences regarding the merits of 
financial incentives. For this reason, all included studies were tested for heterogeneity by 
checking for differences in definitions applied. On closer inspection, while four of five studies 
did not specify a definition, 3,66–68 references were either made to coincide with the PA criteria 
recommended by the Centers for Disease Control and Prevention (CDC) or the World Health 
Organization (WHO). For both agencies, PA was defined as "any bodily movement produced by 
skeletal muscles that required energy expenditure". 17,71 As such, results pertaining to PA 
outcomes were taken to be comparable. 
 
Interestingly, this prompted yet another question, namely whether comparability can be 
established across the PA outcomes included in this review. In other words, an outcome measure 
such as proportion of participant-days that a step goal was achieved could be confounded by 
incidental activity, whereas moderate-vigorous PA could be associated with the nature of 
planned exercise. In this situation, if true, one might support the view that the PA outcomes were 
of a lower degree of comparability, thereby affecting the conclusions drawn across the five 
studies. In this regard, particular relevance should be given to the intepretation of incidental 
versus planned activities on PA. According to Delbaere et al, incidental activities covered more 
casual day-to-day activities such as housework, while planned activities covered more planned 
exercise and planned walks. 72 In spite of these seemingly very different PA behaviors, a check 
through the papers did not show that any of the studies had explicitly mention the terms 
“structured exercise programs” or “exercise-based interventions with a task-oriented training 
model”, and hence should not considered to have violated the inclusion criteria of PA in free-
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living conditions. Yet to a casual observer, omitting explicit mention of those terms should not 
be taken as conclusive evidence of free-living PA. It is for these reasons that it is difficult to 
judge based on absolute certainty, and instead acknowledge there exists some risk of committing 
the error of oversimplification.  
 
When considering the validity of the findings from the systematic review, one could not simply 
assume that the results could be generalised beyond the included studies. This is mostly due to 
the impact of social and cultural differences between studies given that the study population 
included in the analysis were either from the United States or the United Kingdom. On this note, 
extrapolation of findings to non-western contexts might be limited in explanatory power, partly 
due to the lack of studies conducted on Asians. In other words, it would be expected that the 
effect of financial incentives might vary by cultural contexts and influenced by societal 
perception of the receipt of monetary rewards contingent upon achieving PA outcome. 
 
With healthcare campaigns against obesity increasingly being stepped up to target community 
and workplace environments, 73 the development of a well designed and executed health and 
wellness program could not be overlooked. 74 This strategy was not surprising in workplaces as 
office workers engaged in sedentary occupations tended to be less physically active and be at 
greater risk of poor health. 75 A quick literature search revealed papers that were published on 
the association between lower PA levels and poor health. 76–78 This, along with the fact that the 
growing burden of chronic diseases such as obesity-related diseases has brought along 
substantial implications for healthcare expenditure. 79,80 In other words, rising obesity rates 
would likely lead to increased diabetes risk and related disorders, thereby placing an economic 
burden on the healthcare system. 74 As such, companies and government agencies should not 
only consider adopting individual-based interventions but also expand on workplace and 
community development initiatives. 
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Innovative workplace wellness programs that encourage employees to work toward health 
improvement goals will enable employers to potentially increase job satisfaction, reduce 
absenteeism and employee turnover. 74 In this way, promoting wellness initiatives will not only 
hold the promise of cushioning the impact of indirect costs but also serve as part of benefits 
offered to employees to attract and retain talent. Available evidence also suggests that workplace 
wellness programs with extensive coverage may be advantageous for employers due to reduced 
employee healthcare expenditure. 81 Overall, the use of financial incentives can be maximized 
when healthcare professionals and patients are convinced that such interventions are widely 
available and not too expensive or inaccessible for them to prescribe or adopt.  
 
 
There were several limitations to this review. First, there was a dearth of research on the 
application of financial incentives in the other settings apart from the workplace and the 
community. Hence, the diffculty of teasing out the relative contributions of financial incentives 
to PA levels due to the limited number of eligible studies. Second, the review was limited to 
only English language publications, and so was susceptible to language bias in the process. The 
risk of publication bias might also be present due to the higher reliance on searching through 
electronic databases, resulting in the occurrence of missing grey literature ranging from 
academic-meeting abstracts, to data from company annual reports not published in peer-
reviewed journals. In order to reduce the impact of such biases, attempts were made to hand 
search reference lists of key journal articles, and by engaging domain experts to obtain feedback 
and gather expertise evaluations. The potential for selection bias was also addressed by 
excluding evidence from nonrandomized studies. 
 
2.5 Future Research 
The findings from Study 1, a literature review describing whether offering financial incentives 
can be beneficial for improving performance and increasing physical activity in free-living 
conditions, has provided a number of directions for future research. The ideas for future research 
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can be presented in the form of a set of questions intended to stimulate conversation and 
subtopics for deeper examination: (i) what type of research design should be used? , (ii) what 
type of intervention strategy (i.e. financial incentives types) should be chosen and implemented? 
, (iii) what type of inclusion and exlusion criteria should be specified for potential participants? , 
(iv) what were the limitations of previous research employing financial incentives that the 
current research seeks to address and overcome? 
 
On practical grounds and with consideration of budget constraints, the framework for Study 2 is 
as follows. A randomized controlled feasibility study would be undertaken in order to estimate 
important parameters, including PA outcome measure, incentive type, needed for the main 
study. The results from Study 1 indicated that cash incentives framed as a tournament in a 
workplace setting might be likely to motivate stair use. The introduction of a competitive 
tournament can be viewed as an impetus to increase participants’ motivation to increase PA. As 
suggested by results from Study 1, full-time employees along with research students of Saw 
Swee Hock School of Public Health (i.e. workplace setting in a 6-storey office building with a 
common accessible stairway) will be targeted for this study. Unlike past research that offered 
financial incentives to employees upon PA goal attainment, the future study will incorporate 
behavioral elements such as a smartphone application that provides performance feedback to 
increase personal awareness about stair usage. Furthermore, this intervention strategy will also 
consist of placing visual posters in the stairway (i.e. point-of-decision prompts) to increase stair 
use. 
 
2.6 The Next Chapter 
The following chapter presents the the protocol for Study 2, a randomized controlled feasibility 
study that assesses the effectivness of tournament-style financial incentives for increasing stair 




Study 2: Randomized Controlled Feasibility Study  
3.1 Background 
3.1.1 Overview of Hypothesis and Objectives 
The primary objective of the proposed project was to determine whether tournament-style 
financial incentives were effective in motivating daily stair use at a workplace over a 6-week 
period. The secondary objectives were to (b) evaluate the pre- and post-study survey results with 
reference to participants’ attitudes towards stair use and physical activity, and (c) examine 
whether the observed effects persist for another 6 weeks after the tournament ended.  
 
The central hypothesis tested was that the use of financial incentives would increase stair use 
among adults and students in a workplace setting compared to a group of controls that did not 
receive financial incentives. With that, a randomized controlled feasibility trial designed to test 




3.2.1 Study Design 
The study employed a two-arm, randomized controlled feasibility design with a 6-week 
intervention period between July and October 2014, and a subsequent follow-up survey at week 
12. The primary measure of physical activity was total step-count captured when ascending and 
descending the stairway in a fairly large workplace setting. 
 
Participants in both control and financial incentive group were offered about USD7 (SGD10 in 
value using the exchange rate $1.41 Singapore dollars to $1 US dollar) supermarket voucher as 
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an appreciation for participation in the study that included completing pre- and post-study 
surveys (See Appendix 3.1 for Pre-Study Survey; See Appendix 3.2 for Post-Study Survey) and 
using the mobile app daily to track their stair use. On top of that, the financial incentive group 
were eligible to receive an individual level competitive prize of about USD106 (SGD150 in 
value) for the highest step count within each age group (21–29 years of age, and 30 years or 
above) during a 6-week intervention period. In short, participants in both arms were given the 
same base incentive of supermarket voucher, which had a value of about USD7, access to the 
same on-the-go PA feedback provided by the smartphone app, StepJockey, a free app available 
on iOS or Android phones used to track daily step-count and calorie burnt over 6 weeks. The 
only difference between the two arms would be the offer of additional tournament-style financial 
incentives to the treatment group. To examine the effect of tournament-style incentives on stair 
use, comparisons were made with the total step-count as captured by the mobile app across 
treatment and control groups during the intervention period and at 6 weeks post-intervention. 
 
3.2.2 Sample Size Calculation 
The approach taken to derive the required sample size was based on the power analysis for 
detecting a mean difference of 12 between the two groups with a standard deviation of 15 for 
stair journeys (defined as stair ascending and descending) per person per week as reported in the 
initial trial results from StepJockey. 82 With that, statistical power was set at 80% along with a 
type I error rate (α) to 0.05. Under these assumptions, the estimated sample size was 52 for both 
arms combined (i.e. n=26 per arm). The challenges encountered during trial recruitment, 
including meeting eligiblity criteria and mobile app-device compatibility issues, prevented the 
study from achieving its target sample size. The results should be interpreted with caution due to 
errors that may arise from the use of a smaller sample size in the analyses. 
 
3.2.3 Study Setting and Implementation 
The study was carried out in a six-storey high office building located in the National Unversity 
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of Singapore. Building occupants, which consisted primarily of staff and students from the Saw 
Swee Hock School of Public Health, had access to one common stairway and one passenger 
elevator. The multi-flight stairway consisted of a total of 130 steps, or 26 steps per floor over 
five floors. The entire sixth floor belonged to another department and hence was off-limits. The 
lift entrance was located on every floor adjacent to the staircase and separated by a fire-rated 
door. Staff and students of the school could choose whether to use the stairway or elevator. 
 
The methods for recruitment into the study involved the display of posters at the entrance of the 
stairway and next to the lift entrances, at each level, and the use of personalised email invitations 
to participate (See Appendix 3.3 for Participant Recruitment Email). To facilitate the flow of 
information, this email also included a link to a web-based version of the pre-study questionnaire 
(to determine eligiblity) and accompanied by a participant information sheet (See Appendix 3.4 
for Participant Information Sheet) and consent form (See Appendix 3.5 for Consent Form). A 
week after the invitations to participate were sent out to email addresses registered with the 
school, potential participants received a reminder email. Several follow-up email reminders were 
sent thereafter to request for participation.  
 
The primary outcome measure was the mean difference in total step-count captured between the 
intervention and control groups over a 6-week intervention period, measured based on self-
tracking of total number of steps taken while ascending or descending the stairs as recorded by 
StepJockey. The app enabled users to scan Quick Response (QR) codes embedded into study 
posters placed at the start and end of each stair trip. The QR codes were encoded with 
geographic information specific to each level in the office building, thereby enabling each stair 
trip to be recorded accurately. Steps were tracked successfully as long as users scanned the QR 
codes using their smartphones whenever they ascended or descended the stairs. To safeguard 
against accidental data lost, a separate password-protected online account was created for every 
participant through the StepJockey website. 
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Participants of the study were recruited through personalized email invitations and point-of-
decision prompts (poster advertisements) within the school building. For inclusion into this 
study, respondents had to be: (i) 18 years of age and above, (ii) a staff or student with an office 
workstation between levels two and five in MD3, an office building at the National University of 
Singapore, (iii) at the workplace at least four days a week, (iv) an iPhone or Android smartphone 
user and be able to download and use the StepJockey app for tracking steps, (v) willing to be 
randomized and provide informed consent for assignment into one of the two study intervention 
groups. Respondents were excluded if they had the following reasons: (i) pre-existing medical 
conditions that hindered stair usage, (ii) planned to be away on a sabbatical (extended leave or 
personal retreat), or (iii) were pregnant or lactating. Female participants who became pregnant 
during the study would also be withdrawn.  
 
Respondents interested in participating in this study completed an online recruitment survey, 
which served as a screening and enrollment tool. The self-administered pre-study survey (See 
Appendix 3.1 for Pre-Study Survey) was fielded from July through August 2014 to collect 
baseline data from participants on their gender, age, housing type and seniority in position in the 
form of job title as proxy measures of respondents' relative income based on seniority, office 
level, physical activity level and health status. The survey also included a participant information 
sheet and consent form to capture participants’ responses on their willingness to participate. 
Respondents who provided informed consent to the study were subsequently randomized into 
either the financial incentive group or the control group. Randomization was preceded by 
stratification by age group (20-29 years and ≥30 years) and office level (i.e. Levels 3-5) to 
balance participants across study arms so as to remove the effect of age-related differences and 
inherent bias from participants who worked on upper floors presumably becauase they are likely 
to achieve a higher step-count (by virtue of their office locations) compared to those on the 
lower floors. 
 
Additionally, the pre-study questionnaire tested the motivational effects of seven messages (or 
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point-of-decision prompts) to increase stair use, six of which were featured in StepJockey 
posters. 83 The messages seen in StepJockey posters with motivational underpinnings were 
“Burn calories take the stairs”, “Stair climbers have stronger hearts”, “Burns more calories 
than jogging”, “Get fit. Take the stairs”, “Tones your legs and bum”, and “Stair climbing burns 
7x more calories than taking the lift”. 83 The final message, “Earn money as you scale flights of 
stairs”, was crafted to determine the motivating effect of financal incentives. Responses to this 
survey question were measured on a 5-point Likert-type scale with the anchors ranging from 
strongly disagree (1) to strongly agree (5).  
 
Upon enrollment, participants were randomly assigned a sequential identification number 
generated using the ralloc program, 84 an add-on statistical package that facilitated block 
randomization. Information regarding assignment to financial incentive or control group, along 
with instructions to download and load the StepJockey app onto mobile devices were conveyed 
to participants through email. Once installed, participants from both groups were free to use the 
app to scan the QR codes upon entering and exiting the stairway. 
 
After the 6-week intervention period, all participant steps data in both the control and financial 
incentive groups were continually uploaded to the server and tracked for another 6 weeks to 
determine if the effects would tail off once the intervention period was over. Another web-based 
self-administered survey was fielded during the post-study period to solicit feedback on the 
intervention. The additional questions related to self-reported physical activity fielded in both 
the pre- and post-study surveys were adapted from the International Physical Activity 
Questionnaire (IPAQ). 18 An estimate of total physical activity was calcuated based on the 
formula: moderate PA minutes per week + two times vigorous PA minutes per week. 85 
Thereafter, total PA was recategorized into (i) 150 minutes per week and above, or (ii) below 
150 minutes per week. Based on this dichotomous categorization of self-reported PA, 
participants who spent 150 minutes per week and above were considered to be active whereas 
those who spent less than 150 minutes per week were considered to be inactive.  
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3.2.4 Statistical Analyses and Sensitivity Analyses 
Descriptive statistics including the Pearson’s chi-square test and independent Student’s t-test 
were used to summarize the data for categorical variables and continuous variables, respectively 
(See Chapter 4 for study results; Table 4.1). Multiple linear regression was also used to evaluate 
the relationship between the intervention and total step-count. The independent variable of 
interest was intervention assignment (dichotomous; Financial Incentive or Control), adjusted for 
body mass index (BMI) (continuous), age (continuous), gender (2 categories; Male, Female), 
housing type (3 categories; Public Housing, Private Housing, Rental Housing), office level (3 
categories; Level 3, Level 4, Level 5) and occupation (4 categories; Research Student, Research 
Staff, Administrative Staff, Academic Staff). The moderating effect of self-reported baseline 
data (recorded in the pre-study survey) on the impact of the financial incentives on stair use was 
also tested by assessing interaction terms in multivariate analyses. 
 
Between-group means were compared with independent Student’s t-test. The primary outcome 
measure was the mean difference in total step-count captured between the intervention and 
control groups (See Chapter 4 for study results; Table 4.2). The secondary outcome measures 
included the change in mean weekly steps captured during the 6-week follow-up period between 
groups (See Chapter 4 for study results; Table 4.2) and self-reported PA collected from 
participants at pre- and post-survey. Other between-group analyses conducted included 
comparing differences by gender and age group for both intervention and post-intervention 
periods (See Chapter 4 for study results; Table 4.3).  
 
Pair-wise comparisons of pre-intervention and post-intervention self-reported PA were analysed 
by applying the paired Student’s t-test to three pairs of variables: duration of moderate- and 
vigorous-physical activity in the preceding 7 days prior to the start of the trial, and number of 
times spent walking at least 10 minutes in the preceding 7 days prior to the start of the trial (See 
Chapter 4 for study results; Table 4.4). It should be noted that these three pairs of variables were 
as described and defined in the International Physical Activity Questionnaire. 18 For participants 
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with missing self-reported stair use data, missing values were imputed from pre-study survey 
using the mean imputation approach (See Chapter 4 for study results; Table 4.7). 
 
Several post-hoc comparisons were also carried out to determine whether there were statistically 
significant between group differences. In these analyses, comparisons were made across 
treatment and control arms to assess intervention effects during the post-intervention period in 
relation to age group (age 21-29; ≥30) and gender. All data were analysed according to the 
intention-to-treat (ITT) method using Stata version 12 for Macintosh OS X (StataCorp LP, 
College Station, TX). 86 The results from interaction analyses were shown graphically using the 
margins command in Stata.  
 
Several sensitivity analyses were also conducted to confirm the robustness of the results 
obtained. First, the impact of statistical outliers in the main results was assesed by performing 
the multiple linear regression both with and without the outliers. Second, noncompliance, 
defined as the absence of QR code scan records associated with stair use throughout the study 
period, was dealt with by analysing different linear regression models that were adjusted for age, 
gender, BMI, and office level, for the full sample, and then for a restricted sample where 
noncompliant individuals were excluded. Third, the impact of missing data due to nonscanning 
of QR codes was examined by exploring the relationship between total step-count and frequency 
of self-reported stair use in the preceding week prior to the start of trial. Fourth, sensitivty of the 
study findings was tested for the possibility of a non-representative sample potentially due to 
self-selection bias, especially since participation is voluntary, hence creating the presumption 
that participants were physically active before randomization. This was tested by splitting the 
results further by self-reported PA recorded in the pre-study questionnaire and then comparing 
whether or not the staying power of the incentive was similar for people who realised that they 
could not have won the competitive prize early on in the study, and to what extent the 
trajectories for both groups differed. 
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3.3 Ethics Approval 
Upon receipt of the IRB approval letter, the study was conducted in accordance with the ethical 
guidelines by the NUS-Institutional Review Board (NUS-IRB). As blinding of study participants 
was not possible due to the nature of the intervention studied in this project, data analysts and 
the study coordinator were blinded to the participants' intervention assignment until the study 
had ended. 
 
3.4 The Next Chapter 
This chapter presented the study design and methods for analysing data from Study 2, a 
randomized controlled feasibility study testing the effect of tournament-style financial incentives 
in motivating stair use in a workplace setting. The following chapter describes the findings for 
Study 2.  
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CHAPTER 4 
Study 2: Results 
 
A total of 59 respondents were assessed for eligiblity and 41 participants (Figure 4.1) were 
recruited for the study. The randomization performed allocated participants to one of two 
groups: financial incentive group (5 males, 16 females); control group (5 males, 15 females). 
Among the participants, 76 percent were female and 24 percent were male and the mean age at 
baseline was 32.8±9.5 (mean±SD) years (Table 4.1).  
 
Four participants, who were randomly allocated to the control group, were identified as 
noncompliant based on a combination of zero QR code scan history and post-study survey 
nonresponse. After the exclusion of noncompliers, the mean difference in step-count captured 
between the two groups remained statistically significant (7,159, 95% CI: 2,255 – 12,062; 
p=0.006), favoring the intervention.  
 
At baseline, more than half of participants (56.1%, n=23) considered themselves to be physically 
active before the trial. One-third of participants (31.7%, n=13) reported that they were already 
climbing the stairs once daily prior to the start of trial, while only 4 out of 41 participants (9.7%) 
reported climbing the stairs seven of more times a week.  
 
Using the cutoff values for total PA defined previously, participants were further categorized as 
inactive (<150 min/week) and active (≥150 min/week). 85 Fewer participants in the control group 
(44%, n=11/25) were inactive compared to those in the financial incentive group (56%, 
n=14/25), while more participants in the control group (56%, n=9/16) were considered active 
than those in the financial incentive group (44%, n=7/16).  
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For self-reported PA, there were more participants in control group (63.2%, n=12/19) who 
indicated that they had engaged in moderate PA in the preceding 7 days prior to the start of the 
study compared to the financial incentive group (36.8%, n=7/19). The proportion of participants 
who engaged in vigorous PA in the past 7 days before trial, and those who walked for at least 10 
minutes to travel from place to place, were similar across groups. Overall, the two randomized 
groups were comparable with respect to demographic characteristics such as age, gender, height, 
weight, or BMI (Table 4.1). 
 
During the intervention period, there was no attrition from the study. At 6 weeks follow up, one 
individual left due to a change in employment. Information from the app over all 6 weeks was 
collected from all participants, pre- and post-study survey rates were 100% (n=41) and 83% 





	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  




Assessed for eligibility (n=59) 
• Legally able to consent 
• Have an office workstation in Block MD3 Levels 2 to 5 
• Spend at least 4 days a week in MD3 
• Own an iPhone or Android Smartphone to be able to use the steps and calorie 
tracker app  
• Willing to be randomized into 1 of the 2 study intervention groups 
 
Excluded (n=18) 
• Not meeting inclusion criteria 
(n=12) 
• Declined to participate (n=2) 
• Incompatible mobile devices (n=4) 
 
Analysed (n=21) 
• Excluded from analysis (n=0) 
Primary End Point 
• Lost to follow-up (n=0) 
Secondary End Point 
• Responded post-survey (n=17) 
• Did not answer post-survey (n=4) 
Allocated to Financial Incentives  
Group (n=21) 
• Responded pre-survey (n=21) 
 
Primary End Point 
• Lost to follow-up (n=0) 
Secondary End Point 
• Responded post-survey (n=17) 
• Did not answer post-survey (n=4) 
 
Allocated to Control  
Group (n=20) 
• Responded pre-survey (n=20) 
Analysed (n=20) 








Table 4.1: Baseline characteristics of the study participants recruited from Saw Swee Hock 
School Public Health, NUS, Singapore, July-October 2014.3 





Age, mean (SD), years 32.7 (9.7) 32.9 (9.5) 0.933a 
Gender, n (%) 
Male 5 (25.0) 5 (23.8) 0.929b Female 15 (75.0) 16 (76.2) 
Height, mean (SD), cm 162.4 (7.5) 163.6 (7.8) 0.631a 
Weight, mean (SD), kg 59.2 (11.4) 57.5 (9.8) 0.615a 
BMI, mean (SD), kg/m2 22.4 (3.5) 21.4 (2.3) 0.297a 
Office level, n (%) 
Level 3 6 (28.6) 6 (30.0)  
0.990b Level 4 3 (14.3) 3 (15.0) 
Level 5 12 (57.1) 11 (55.0) 
Participants who rated themselves physically active, n (%) 
Agree 12 (60.0) 11 (52.4) 
0.539b Neutral 6 (30.0) 7 (33.3) 
Disagree 2 (10.0) 3 (14.3) 
Participants who used the stairs* in the past 7 days daily before trial, n (%)  
1 time a day 7 (35.0) 6 (28.6) 
0.718b 2-6 times a day 12 (60.0) 12 (57.1) 
≥7 times a day 1 (5.0) 3 (14.3) 
Participants who engaged in physical activity in the past 7 days before trial, n (%) 
 totalv physical activity 
Inactive  
(<150 min/week) 11 (55.0) 14 (66.7) 0.444b Active 
(≥150 min/week) 9 (45.0) 7 (33.3) 
Participants who engaged in physical activity in the past 7 days before trial, n (%) 
moderate§ physical activity 
Yes 12 (60.0) 7 (33.3) 0.161b No 8 (40.0) 14 (66.7) 
Participants who engaged in physical activity in the past 7 days before trial, n (%) 
vigorous¶ physical activity 
Yes 9 (45.0) 9 (42.9) 0.890b No 11 (55.0) 12 (57.1) 
Participants who walked for at least 10 minutes to travel from place to place in the 
past 7 days before trial, n (%) 
Yes 18 (90.0) 18 (85.7) 0.675b No 2 (10.0) 3 (14.3) 
a Independent Student’s t test. 
b Pearson’s Chi-square test. 
*  1 time equals either ascending or descending. 
v Total physical activity equals two times of minutes spent in vigorous physical activity + 
minutes spent in moderate physical activity. 85 
§ Moderate physical activity refers to physical activities like carrying light loads, bicycling at a 
regular pace, or doubles tennis but not walking. 18 




4.1 Intervention Period 
After intervention ended, participants in the financial incentive group (10,082 steps) had 
recorded higher total step-count compared to participants in the control group (2,339 steps) 
during a 6-week intervention period (Figure 4.2). 
 
 
Figure 4.2: Comparison of total step-count in both financial incentive group and control group 
during 6-week intervention and 6-week post-intervention.3 
 
Step-count data collected during the intervention period also showed that participants in the 
financial incentive group had higher mean total step-count compared to the control group from 








Table 4.2: Comparison of total step-count during and after incentive program.4 
During intervention Control (SD) Financial Incentive (SD) p-valuea 
Mean total step-count  
from Week 1 to 6 
2,339 (656.0) 10,082 (2255.0) 0.003** 
Mean step-count per week 390 (488.8) 1,680 (375.9) 0.003** 
After intervention Control (SD) Financial  Incentive (SD) p-valuea 
Week 7 69 (42.4) 1,017 (327.7) 0.008** 
Week 8 34 (21.4) 556 (173.2) 0.006** 
Week 9 4 (2.8) 522 (181.4) 0.008** 
Week 10 14 (7.4) 363 (135.6) 0.017* 
Week 11 0 (0.0) 191 (89.6) 0.044* 
Week 12 5 (5.2) 92 (63.6) 0.194 
* Indicated significance at the 5% level (p <0.05); **1% (p <0.01); *** 0.1% (p <0.001). 
 
For participants aged 21 to 29, no significant difference was found in the mean total step-count 
captured from week 1 to week 6 between the financial incentive group and control group (5,241, 
95% CI: -14 – 10,495; p=0.051). In contrast, for participants aged 30 and above, there was a 
significant difference in mean change in step-count between the financial incentive group and 
control group (10,460, 95% CI: 1,124 – 19,796; p=0.032) (Table 4.3).  
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Table 4.3: Comparison of total step-count during and after incentive program according to age 
groups and gender.5 





















































































* Indicated significance at the 5% level (p <0.05); **1% (p <0.01); *** 0.1% (p <0.001). 
 
A comparison by gender showed that females in financial incentive group had higher mean steps 
differences compared to the control (difference between means = 8,411 steps, p=0.011) and no 
sigificant effect in males (difference between means = 5,622, p=0.155) (Table 4.3).  
 
The linear relationship between total step-count captured and financial incentive was further  
examined using simple regression models. After adjustment for age, gender, BMI, and office 
level, the association between financial incentive and total step-count captured remained 
statistically significant (7,268, 95% CI: 3,189 – 11,346). Consequently, results from this study 
appeared to indicate that participants in the financial incentive intervention group outperformed 
the control group through increased stair usage during the study period. Visual inspection of the 
intervention effect showed an increasing trend for the first 5 weeks and a decreasing trend 
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subsequently for participants in the financial incentive group whereas in the control group there 
was a steady decline throughout the intervention period (Figure 4.3). 
 
 
Figure 4.3: Comparison of total step-count in both financial incentive group (red) and control 
group (blue) across time (from week 1 to week 12).4 
 
The analysis of the mean weekly step-count captured during the intervention period by baseline 
self-reported physical activity levels is illustrated in Figure 4.4. Among those who spent less 
than 150 minutes per week on PA at baseline (61%, n=25/41), the mean difference in weekly 
step-count captured across the financial and control groups was statistically significant (1,390, 
95% CI: -280 – -2,500; p=0.02). Among those who spent 150 minutes per week and above on 
PA at baseline (39%, n=16/41), there was no statistically significant mean difference in weekly 




Figure 4.4: Comparison of mean step-count per week during intervention period by self-reported 
physical activity at baseline.5 
 
A comparison of the mean total step-count captured for ascending and descending stairs during 
the intervention period showed that participants in financial incentive group had higher mean 
steps compared to the control group for ascending stairs (difference between means = 3,470, 
p=0.006) and for descending stairs (difference between means = 4,263, p=0.002). 
 
The size of the effect did not vary differently between the intervention group (financial 
incentives vs. control) and self-reported phyical activity levels at baseline, specifically, the 
combination of finanical incentives among those categorized as active compared to those 
categorized as inactive at baseline demonstrated a non-significant interaction, 1,245 (95% CI: -




Figure 4.5: Margins plot estimating the effect of financial incentives on total step-count (accrued 
during the intervention period) according to self-reported physical activity level – active group; 
≥150 minutes/week  (red line) and the inactive group; <150 minutes/week  (blue line) in pre-
study survey.6 
 
4.2 Post-Intervention Period 
The mean step-count achieved remained statistically significant during the post intervention 
period from Week 7 to Week 12 (Figure 4.2). A comparison of total step-count after the 
incentive program also indicated that participants in the financial incentive group led to higher 
mean total steps compared to the control group from week 7 to week 12 (Table 4.2). 
 
For participants aged 21 to 29, there was significant difference in the mean total step-count 
captured during the post-intervention period from week 7 to week 12 between the financial 
incentive group and control group (1,861, 95% CI: 243 – 3,478; p=0.051). In contrast, for 
participants aged 30 and above, there was a significant difference in mean change in step-count 
between the financial incentive group and control group (3,605, 95% CI: 893 – 6,318; p=0.032) 























Predictive Margins of intervention_2#past7days_totalpa_who
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A comparison by office level showed that in the inactive group, the difference in total step-count 
between participants whose offices were located on upper levels (n=11/18) and those whose 
offices were located on the lower levels (n=7/18) amounted to 1,381 (95% CI: 391 – 3,153; 
p=0.117) steps, whereas this difference was marginally lower at 1,147 (95% CI: 674 – 2,969; 
p=0.204) steps in the active group, between participants whose offices were located on the upper 
levels (n=18/23) and those whose offices were located on the lower levels (n=5/23). The 
differences were statistically non-significant in each case. 
 
A comparison of the mean total step-count captured for ascending and descending stairs during 
the post-intervention period showed that participants in financial incentive group had higher 
mean steps compared to the control group for ascending stairs (difference between means = 
1,699, p=0.003) and for descending stairs (difference between means = 1,483, p=0.007). 
 
Although the effect size was moderately increased between the intervention group (financial 
incentives vs. control) and self-reported physical activity levels at follow-up, no significant 
interaction was found for the combination of financial incentives among those categorized as 
active compared to those categorized as inactive at baseline (1,156, 95% CI: -1,862 – 4,175; 




Figure 4.6: Margins plot estimating the effect of financial incentives on total step-count (accrued 
during the post-intervention period) according to self-reported physical activity level – active 
group; ≥150 minutes/week (red line) and the inactive group; <150 minutes/week  (blue line) in 
the post-study survey.7 
 
A comparison by gender showed that females in financial incentive group had higher mean steps 
differences compared to the control (difference between means = 2,655 steps, p=0.009) and 
borderline significance in males (difference between means = 2,782, p=0.05) (Table 4.3).  
 
Visual inspection of the effect showed a downward decline from week 6 to week 12 for 
participants in the financial incentive group whereas in the control group the effect hovered near 
zero for the entire post-intervention period (Figure 4.3). 
 
4.3 Pre- and Post-Study Surveys 
Data from the pre- and post-study survey responses also provided some insight to participants’ 
self-reported physical activity. Table 4.4 presents the mean percentage difference of the 
participants’ self-reported PA: total PA, moderate PA, vigorous PA, and total time spent walking 
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statistically significant difference between post-intervention data compared to baseline pre-
intervention survey data for groups was found for any of the self-reported PA variables. 
 














































































































* Indicated significance at the 5% level (p<0.05). 
b From paired Student’s t-test for paired samples. Imputation of mean for each variable was 
performed for participants with missing data in post-study survey. 
v Total physical activity equals two times of minutes spent in vigorous physical activity + 
minutes spent in moderate physical activity. 85 
§ Moderate physical activity refers to physical activities like carrying light loads, bicycling at a 
regular pace, or doubles tennis but not walking. 18 
¶ Vigorous physical activity refers to physical activities like heavy lifting, aerobics, or fast 
bicycling. 18 
 
Reviewing the survey data collected on potential program features needed to promote stair use 
showed that participants who responded had preferences for receiving a guaranteed, lump sum 
reward for meeting achieveable physical activity targets such as 2-3 flights of stairs per day over 
the 6-week period as opposed to receiving a maximum cash reward in a tournament setting. 
Moreover, it seemed that financial incentives offered should be increased by an additional one 
dollar for every extra flight of stairs taken upon meeting the physical activity targets. 
Participants were also likely to be motivated by a stairs contest that involved climbing at least 10 
flights of stairs daily as a way to further engage in physical activity. Additional analyses also 
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revealed that content on nutrition and exercise delivered through podcasts were also likely to 
promote physical activity besides monetary reinforcements. 
 
In analysing the effects of point-of-decision prompts as motivational messages, the chi-squared 
statistic was then used to test for the statistical significance of the differences between groups in 
motivational underpinnings of the messages contained in the pre-study survey. However, due to 
small numbers in some categories, responses were recoded to comprise two classifications for 
comparison: negative (consisting no opinion, disagree and strongly disagree) versus positive 
(consisting agree and strongly agree). As shown in Table 4.5, no statistically significant 
difference was detected between the groups concerning motivational ratings for all messages 
about stair use. For completeness and as a robustness check, participant responses in the no-
opinion category were recoded as positive. Results were consistent across all motivational 
messages and the differences were not statistically significant. 
 
Table 4.5: Motivation ratings with percentage (%) for the messages in the pre-study 











Negative Positive Negative Positive 
Burn calories take the stairs N 8 12 7 14 0.658 % 40.0 60.0 33.3 66.7 
Stair climbers have stronger 
hearts 
N 8 12 6 15 0.440 % 40.0 60.0 28.6 71.4 
Burns more calories than 
jogging 
N 10 10 9 12 0.647 % 50.0 50.0 42.9 57.1 
Get fit. Take the stairs N 7 13 4 17 0.249 % 35.0 65.0 19.1 80.9 
Tones your legs and bum N 6 4 14 17 0.414 % 30.0 70.0 19.1 80.9 
Stair climbing burns 7x more 
calories than taking the lift 
N 10 10 10 11 0.879 
% 50.0 50.0 47.6 52.4 
Earn money as you scale 
flights of stairs 
N 12 8 7 14 0.087 % 60.0 40.0 33.3 66.7 
c Pearson’s chi-square test. 
Motivational rating was assessed by the question “In general, which of the following best helps 
to increase your physical activity?” 
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4.4 Sensitivity Analyses 
The influence of statistical outliers was assessed and after excluding two outlying participants, 
the mean difference in step-count captured during the 6-week study remained statistically 
significant (p=0.002), favouring the intervention. Similar results were obtained when testing the 
mean difference in step-count captured post-intervention from week 7 to week 12. 
 
As 4 out of 20 participants from the control group were identified as noncompliant, attempts 
were made to examine whether noncompliance affected the relationship between total step-count 
and intervention condition, three different linear regression models were tested; one with the full 
sample, and another with a restricted sample where the re-estimated four noncompliant 
individuals were excluded. When compared with the unadjusted regression model using the full 
sample, the adjusted models that incorporated the full sample, and then a restricted sample, 
showed that the association between total step-count and intervention condition remained 
statistically significant, albeit attenuated (Table 4.6). 
 
Table 4.6: Comparison of three linear regression models with and without censoring of sample 
due to four noncompliant individuals.8 
Variable Model 1 
Unadjusted 
Full sample (n=41) 
Model 2 
Adjusted 
Full sample (n=41) 
Model 3 
Adjusted 
Restricted sample (n=37) 
Coefficient p-value Coefficient p-value Coefficient p-value 
Intercept -5,404 0.165 -18,823 0.109 -19,407 0.158 
Financial 
incentive 7,743 0.003** 7,186 0.003** 6,230 0.018* 
Age   407 0.009** 460 0.008** 
Gender   710 0.799 899 0.783 
BMI   -294 0.486 -283 0.568 
Office Level       
Level 3   - - - - 
Level 4   5,449 0.184 5,544 0.208 
Level 5   10,059 0.002** 10,557 0.003** 
Adjusted  
R-squared 0.191 0.003** 0.333 0.002** 0.319 0.006** 
* Indicated significance at the 5% level (p <0.05); **1% (p <0.01); *** 0.1% (p <0.001). 
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Despite this, the between-group differences might have been biased due in part to the severely 
underestimated QR code scan records from the control group. For instance, participants who 
used the stairs but did not scan the QR codes as they entered and exited the stairway throughout 
the study duration. To determine the influence of this bias on the mean difference, a range of 
imputed estimates using baseline pre-study survey data were used to reasonably reflect the 
magnitude of difference between the financial incentive and control groups and to investigate for 
statistical significance (Table 4.7). Based on the set of imputed values, individuals in the control 
group would have to increase their stair usage by as least 10 times of their self-reported stair use 
as recorded in the pre-study survey before the mean difference becomes statistically 
nonsignificant. 
 
Table 4.7: Comparison of imputed data using self-reported stair use data from pre-study survey 
to evaluate the differences between group means as tested by two-tailed Student’s t-test.9 
During 
Intervention 














1 2,635 (649.7) 
10,082 (2,255.0) 
0.004** 
2 2,932 (646.1) 0.006** 
3 3,228 (644.8) 0.008** 
4 3,524 (645.9) 0.010* 
5 3,821 (649.5) 0.014* 
6 4,117 (655.4) 0.018* 
7 4,414 (663.7) 0.024* 
8 4,710 (674.0) 0.032* 
9 5,006 (686.5) 0.042* 
10 5,303 (701.0) 0.054 
After 
Intervention 














1 423 (70.0) 
2,814 (700.0) 
0.003** 
2 719 (421.5) 0.007** 
3 1,015 (126.4) 0.019* 
4 1,312 (723.6) 0.048* 
5 1,608 (198.7) 0.111 
* Indicated significance at the 5% level (p <0.05); **1% (p <0.01); *** 0.1% (p <0.001). 
d  Independent Student’s t-test adjusting for unequal variances. 
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Next, the study results were further analysed to ascertain if they were sensitive to a possible self-
selection bias by splitting the sample into two groups – active (individuals who spent 150 
minutes per week and above on PA) and inactive (individuals who spent less than 150 minutes 
per week on PA), followed by a quick inspection of the adjusted regression models that might 
explain any underlying differences in responses towards financial incentives, and eventually 
total step-count.  
 
As shown in Table 4.8, the beta coefficients for the intervention group in both models were 
positive and statistically significant in the two sub-samples. However, when differentiating 
between the two models, the predicted value of total step-count was 18% greater in the active 
group (10,057 steps) than in the inactive group (8,231 steps). The impact of selection bias might 
be visualized through the step-count trajectories for participants categorized as inactive (Figures 
4.7), and those categorized as active (Figure 4.8). 
 
Table 4.8: Comparison of two linear regression models obtained by dividing into two groups – 




(<150 minutes per week on PA) 
Active 
(≥150 minutes per week on PA) 
Adjusted Model 1 Adjusted Model 2 
Coefficient p-value Coefficient p-value 
Intercept -10,540 0.455 -45,210 0.145 
Financial 
incentive 8,231 0.020* 10,057 0.031* 
Age 636 0.005** 504 0.247 
Gender -4,875 0.267 4904 0.421 
BMI -767 0.158 252 0.755 
Office Level     
Level 3 - - - - 
Level 4 6,391 0.189 5,057 0.662 
Level 5 8,752 0.029* 13,025 0.144 
Adjusted  
R-squared 0.390 0.017* 0.263 0.187 
* Indicated significance at the 5% level (p <0.05); **1% (p <0.01); *** 0.1% (p <0.001). 
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Figure 4.7: Comparison of the total step-count trajectories over time between groups among 
inactive (<150 minutes of physical activity per week) participants.8 	  
 
Figure 4.8: Comparison of the total step-count trajectories over time between groups among 
active (≥150 minutes of physical activity per week) participants.9 	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4.5 The Next Chapter 
This chapter presented the results from the primary analysis and sensitivity analyses of Study 2 
to provide additional understanding and insights to effects of tournament-style financial 
incentives observed. The next chapter wraps up with discussion, limitations and conclusions of 
Study 2.  
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CHAPTER 5 
Study 2: Discussion 
5.1 Study Findings 
The randomized controlled feasibility study conducted was designed to assess the effects of 
tournament-style financial incentives in encouraging stair use among adults in a workplace 
setting. While the idea of tournament-style financial incentive intervention is neither rare nor 
unfamiliar, its use to motivate stair use has illuminated several problematic features of this 
study. A few major reasons can be conjured to explain why this might not have been the best 
choice in a workplace setting.  
 
First, a contest reward scheme of such nature may tend to elicit greater maximum efforts among 
employees with higher physical conditioning status, and at the same time, demotivate those who 
do not stand a chance at winning the top prizes. For this reason, it was unsurprising to detect 
statistical outliers – probably indicating that competitively framed incentives could affect 
heuristics in some ways that motivated participants to increase stair use. This effect of such a 
competitive incentive intervention has been previously demonstrated to induce individuals to 
exert more effort, 87 yet it also describes the trade-off that employees face between their own risk 
preferences and choosing to compete against their co-workers for a fixed amount of promised 
monetary reward. 88 In other words, it is equivalent to adopting a “winner-take-all” strategy that 
results in high variances in employee engagement at the workplace. 89  
 
Second, although early stages of data analyses revealed significant differences between control 
and financial incentive groups on total step-count captured during the intervention and post-
intervention periods, such findings might not reflect the overall experimental success of financial 
incentives as a whole. This is because, in spite of the fact that awarding two individual level 
competitive prizes created mechanisms for safeguarding against any self-selection bias, enrolled 
participants may be a self-selected group who were more able and highly motivated. In other 
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words, tournament-style financial incentives could induce disparities or an unequal effect by 
virtue of the fact that prize winners are likely those who are already moderately active and fit. 
Other disparities might include individuals who enrolled partly to take advantage of working on 
upper floors, which would provide credible evidence for a wide variance of stair use outcomes.  
 
To evaluate potential bias due to self-selection among subjects, the association between 
participants’ self-reported stair use was analysed based on the total physical activity levels over 
the past week as per responses in the pre-study survey, and their actual stair use data as captured 
by the StepJockey app. The observed trajectories suggest some form of “staying power” of the 
financial incentive that led to the occurrence of two spikes for those were categorized as active, 
essentially participants who had reported at least 150 minutes of PA per week in the pre-study 
survey. The occurrence of the third spike might suggest that participants had attempted to assess 
their chances through information gained from the StepJockey app, and made last ditch attempts 
to increase their step-counts so as to increase their chances of winning. 90  
 
Third, financial incentives might have affected the underlying sample of participants by 
motivating individuals to descend more than ascend the stairs. In response to this, separate 
analyses were performed using the paired Student’s t-test and results showed that participants in 
the financial incentives group were more likely to descend than ascend the stairs during the 
intervention period. Accordingly, there was a statistical significance of the mean difference in 
step count captured between ascending and descending the stairs (ascending stairs [4,645] vs. 
descending stairs [5,431]; p=0.038) during the intervention period, although this difference 
captured during the post-intervention period was not statistically significant (ascending stairs 
[1,780] vs. descending stairs [1,533]; p=0.211). This indicated that the use of financial 
incentives most likely prompted participants to descend down the stairs more than ascend up the 
stairs. Even though the opposite was observed during the post-intervention period where 
participants in the financial incentive and control groups were more likely to ascend than 
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descend the stair, the mean differences in step count between ascending and descending the 
stairs did not reach statistical significance. 
 
Fourth, the statistically significant between-group differences observed experimentally might 
have been attributed to the building design with infrastructure that supported stairs climbing, the 
ubiquity of smartphone devices and apps together with their practical advantages as the method 
of choice for self-monitoring of outcome measures. As the lift was located at the main entrance 
of the office building, participants entering the building were typically greeted by the lift doors. 
The stair case in comparison was located next to the lift separated by an unobtrusive fire door. 
Priming effects could have occurred as people might have leaned toward taking the lift as 
opposed to taking the stairs. Nonetheless, the placement of recruitment posters containing the 
geotagged QR codes at the staircase entrance, and the top and bottom of each stairway would 
have served as a point-of-decision prompt in reminding participants of their intentions, thereby 
encouraging stair use over time. 
 
While it would be realistic to expect noncompliance in the control group due to the lack of 
extrinsic financial rewards, it is not well understood whether the nature and determinants of 
noncompliant behavior among intervention group participants has had to do with avoidance of 
competitive pressures, other underlying noncooperative behavior or simply small compensation 
amounts. In an attempt to find out whether these or some other factors were responsible for 
noncompliance, participant feedback were solicited during individual debriefings at the end of 
the study for the purpose of evaluating both consistencies and discrepancies of the financial 
incentives interventions.  
 
Participant feedback solicited revealed that random assignment to the control group could have 
undermined a person’s intrinsic motivation. Once demotivated, participants could have negated 
their intention to use stairs and thereafter ignored the health benefits of stair climbing. The 
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requirement for all participants to scan the QR codes on the posters at the start and finish of each 
stair climb was also cited as a major hassle or barrier to higher compliance.  
 
To determine the potential bias due to non-scanning of QR codes by participants in the control 
group, an attempt was made to analyse imputed data estimated using participants’ self-reported 
frequency of stair use retrieved from data collected through the pre-study survey, while taking 
into account their actual stair use based on QR code scan rates during the intervention period. 
The results suggest that the potential bias in the control group participants due to differential 
non-scanning of QR codes was not likely to account for the magnitude of the treatment effect 
reported during the study period unless participants used the stairs 10 times or more daily at 
work. Nonetheless, the association that was observed between the QR code scan rates and actual 
stairs data logged during the intervention period might be unique to the building and to the time 
period of the study. The time period of the study has been highlighted due to the notice given for 
the employees and students of the school to move out of MD3 into its new premises located 
nearby. An inevitable consequence of this relocation exercise was that the study had to be 
completed by the end of the third week of October. Under such circumstances, designing a 
cross-over trial with random assignment of participants to treatment and control group, and to a 
different group after post-intervention period would not have been possible. 
 
As for the potential bias due to spurious scanning of QR codes by participants in the intervention 
group, it would be very difficult task to detect, primarily because the intervention was designed 
such that it bundled together the incentive to scan and the incentive to increase stair use. Even 
though the fundamental inaccuracy of the StepJockey app might be balanced across both 
treatment and control groups based on the randomization process, there is still an inherent limit 
to tease apart the underlying differential (nonrandom) measurement error from the measurement 
of the stair use outcome between groups. 
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The decision to measure stair use using a smartphone step-counting application was made based 
on considerations of pragmatic factors such as the ease of use and convenience of access without 
the need for specialised test equipment and trained personnel such as is required for maximal 
aerobic capacity or VO2max in a clinical laboratory setting. 91 Another consideration had to do 
with the perception that smartphone applications might work better at engaging individuals in 
their health through providing convenient and on-the-go feedback. 14,92  
 
There might also be concerns about the stair use returning to a lower level than prevailed before 
the intervention period, a phenomenon known as the motivation crowding out effect. 93 While 
this might be possible, however, as there was no initial run-in period during which baseline rates 
of stair use were recorded before the trial started, drawing conclusions about crowding out 
would be difficult. 
 
Apart from financial incentives, which had previously been shown to increase extrinsic 
motivation, 4,94–97 non-financial rewards including pop-up reminders and notification badges 
might be effective in motivating stair use. 98 Motivational strategies in the form of virtual 
badges, goal-setting of daily steps and sharing of achievements on social media platforms made 
available through the StepJockey app might had created some benefits.  
 
Another matter of concern had to do with the size of the sample (n=41) at the outset, so much so 
that the findings were mostly likely due to the inadequate sample size needed to detect the 
effects. For this, a logical extension of this concept was to recommend a post-hoc approach to 
power analysis involving a second calculation to report what was the expected power achieved 
with this sample size. As such, using G * Power 3.1 software, 99 the post-hoc power calculation 
based on the observed results for 41 participants with a 95% confidence interval and a two-tailed 
alpha of 0.05 yielded approximately 80% power. Nonetheless, this result should not to be taken 
to imply that tournament-style financial incentives would be effacious in promoting greater stair 
use due to all of the aforementioned biases. 
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In line with recent epidemiological evidence, the adoption of a more active lifestyle involving 
small measures of walking, cycling and stair climbing can slow down the progression of non-
communicable diseases such as obesity, type 2 diabetes, hypertension, and cardiovascular 
disease. 22 Specifically, it had previously been found that stair use, rated as a moderate-to-
vigorous intensity type of physical activity, might produce health benefits that met requirements 
for cardiorespiratory gains. 100 Therefore, the public health implications of these findings when 
set against a backdrop of rising demand for taller buildings due to the increasing scarcity of land 
in urban environments, 101 would help to open the way for active integration of stair climbing 
into daily routines.  
 
5.2 Limitations 
There are several limitations and potential biases associated with this randomized controlled 
feasibility trial. First, the relatively small number of individuals who participated in the 6-week 
feasibility study, thereby limiting the statistical power to detect subgroup differences even 
though the hypothesized effects were in the predicted direction. 
 
Second, although the StepJockey app has been used by the UK Department of Health, to the best 
of the author's knowledge, there has been to date little information about the StepJockey app 
examined elsewhere in the literature. Nevertheless, there are limitations in principle. While 
incorporating QR codes was an innovative way to create a meaningful and interactive user 
experience, waning and inconsistent smartphone app usage had resulted in missed or errant 
scans that could not be ignored. Errant scans are akin to measurement errors and missing data, 
which cannot be compensated easily without modifying the research methodology. Additionally, 
the step count logged using the StepJockey app did not accurately represent an individual’s 
overall stair use. The correlation between step count logged with smartphones through scanning 
of QR codes and stair use, therefore becomes problematic. Under these circumstances, its role in 
facilitating self-reported outcome measurement leads to validity and reliability issues.  
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In this regard, even though the characteristics of participants enrolled into the study at baseline 
showed that the proportion of individuals who were randomly assigned to the financial 
incentives group were fairly similar to the proportion of individuals assigned to the control 
group in terms of their self-reported PA levels and office locations, it might have been possible 
that the differential measurement error might even have attenuated the true strength of the 
interaction between financial incentives and self-reported baseline data – leading to biased 
estimates. 
 
Furthermore, there might have been a possibility of participants who had resorted to cheating or 
other unfair behavior, including taking the lift instead of walking up or down the stairs after 
scanning QR codes, as a way of “gaming the system”. Although such behaviors could be 
crosschecked using the in-app feature of estimating the number of calories associated with each 
stair use, the prevalence of spurious QR code scans, would be more likely in the intervention 
group due to the desire to win the top prize. The measurement error resulting from this 
inducement to be dishonest would be nonrandom and unbalanced across the two groups – 
another fundamental limitation of this study.  
 
Since these inferences of missing data could be related to the influence of various factors 
including dishonest behavior and errant scans of QR codes, smartphone applications that had 
capability to track step-count automatically should be considered for future work. The lack of in-
depth exploration of StepJockey app in related studies elsewhere in the literature prior to this 
study, also made it difficult to anticipate the possibility of such cheating behavior. Nonetheless, 
future research would benefit from instructions such as defining rules of engagement and even 
use of financial disincentives in order to deter or discourage undesirable behavior. Despite 
questions about measurement bias and accuracy in self-tracking, for practical reasons such as 
simplicity and ease-of-use in capturing free-living stair use, activity tracking applications should 
be warranted. Future research should explore other types of step-counting or mobility 
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monitoring devices that have been shown to provide both reliable and valid tracking of true stair 
use. 
 
Third, individual stair climbing (whether ascending or descending) capacity based on a self-
tracking smartphone application might be subjected to a short-term behavior change due to the 
non-blinded nature of the study, thereby introducing bias such as the Hawthorne effect. 102 In 
response to this concern, the random allocation of subjects should minimize the associated risks 
of bias affecting the results, albeit limited in the context of this study.  
 
Fourth, it could also be possible that the study population overcompensated for their health 
behavior by physical conditioning given that participants had been recruited from an institution 
filled with public health practitioners. Their heightened awareness of public health knowledge, 
favorable attitude towards physical activity and behavior choices might have translated into 
receptivity to develop and maintain a physically active lifestyle, thus limiting the external 
validity of the study. Particularly worthy of note, however, was that the incentive award offered 
in this study was pragmatically designed. This realistic consideration of the allocated budget 
thus limited the number of treatments and experimental variations. A more rigorous derivation 
of the incentive intervention could have been in place to increase uptake and affirm the 
consequent adoption and maintenance of behavior change.  
 
Fifth, it should be acknowledged here, however, that the effect of financial incentives might be 
limited in themselves, especially as current evidence suggests that the long-term behavioral 
change or performance improvement with extrinsic rewards such as financial incentives appear 
to be less effective. 103,104 One possible explanation for the lack of maintenance of stair usage 
after the 6-week trial is that extrinsic rewards do not bolster individuals’ desire or commitment 
to change unlike rewards that have intrinsic motivation value such as rewards that are rooted in 
social cognitive theory where individuals could derive utility from specific action plans or 
positive outcome expectations. 105  
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Lastly, it should be emphasized that this study was plaqued by small sample size, thereby 
undermining the reliability of the results. In particular, the reduced statistical power conferred a 
reduction in the probability that the statistically significant research findings reflected a true 
effect. As such, it is important to consider the data in totality, which involves consideration of 
the sample size, actual values of p, width of confidence intervals, and descriptive data such as 
the total step-count from stair use accrued over 6 weeks. Moreover, p-values 
and confidence intervals are sensitive to sample size, 106  future research should fulfil minimum 
requirements in terms of power analyses before study initiation.  
 
5.3 Conclusion 
The results from the randomized controlled feasibility study demonstrated that participants in the 
tournament-style financial incentive intervention group, on average, outperformed the control 
group through increased stair usage. However, the observed effects which attenuated over time, 
could be due to multiple reasons including outlying participants who scanned QR codes from 
frequent stair use, and those who used the stairs regularly but did not scan the QR codes. For 
these reasons, using a smartphone app to scan stair use would necessarily raise further questions 
about its validity and reliability as an appropriate instrument for assessing outcome measure of 
total step-count from stair use. 
 
Overall, tournament-style financial incentives coupled with the use of smartphone app to record 
stair use might not have been the best choice due to important implications of trade-offs such as 
the enrolment of more motivated and better able participants in the tournament at the outset. 
Employers who want tap into the strengths of tournament-style financial incentive scheme to 
help their employees increase stair use need to weigh the cost-effectiveness and equitability of 
such incentive intervention. In particular, to reach the weaker and marginalised employees at 
work so as to support a diverse workforce in achieveing a healthier lifestyle over time. 
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5.4 The Next Chapter 
The following chapter describes the background, methods and selected results for Study 3, a 
web-based self-administered questionnaire designed to explore individuals’ stated willingness to 
participate in a hypothetical randomized controlled trial with a charitable component that sought 





Study 3: Web-Based Self-Administered Questionnaire 
6.1 Background 
While financial incentives that have gained prominence through its application to a wide range 
of health behaviors can be effective and have potential policy relevance, 95 prosocial incentives, 
on the other hand, have not been well documented in health research. 107 Nonetheless, one could 
argue that prosocial incentives, which are an amalgam of two levers – prosocial preferences and 
financial incentives, could also be tapped more frequently and more directly to invoke health-
related behavior change including increasing free-living daily physical activity.  However, prior 
to using prosocial incentives to improve such health-related behaviors, it is necessary, to review 
the current philanthropic scene and donations made by individuals to charities in Singapore.  
 
Here, prosocial or altruistic incentives have been selected to inspire efforts in increasing daily 
step-count because of the underlying relationship between empathy and altruism, particularly 
how empathetic people often help purely for altruistic reasons instead of making choices that 
stem from the desire to maximize their utility and minimize their costs. In other words, if people 
are presented with altruistic incentives, the individual’s altruistic preferences may influence 
behavior toward increasing his/her physical activity level in terms of achieving higher mean 
proportion of participant-days that daily steps goal in order to enhance the welfare of others. 
 
In this case, it is hypothesized that offering prosocial incentives will more likely help individuals 
compensate for psychological biases, and minimize the urge to discount the future benefits of 
physical activity. However, it is important to note that such performance-contingent incentive 
intervention may undermine the individual’s intrinsic motivation to be physically active. In other 
words, as people become more cognizant of the fact that they are being influenced by rewards, 
they may become less motivated over time, thereby provoking a crowding out effect. 93,108 With 
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this, it can be said that external incentives have crowded out self-regulation, and this goes on to 
reduce motivation and performance.  
 
Motivation, which plays an important role in explaining people’s engagement in physical 
activity behaviors, can be understood from the framework of the self-determination theory 
(SDT). 109 According to SDT, increasing individual engagement in physical activity behavior 
entails (i) satisfying three core psychological needs: autonomy, competence, and relatedness, 
and (ii) shifting along the continuum of behavioral regulations across five different types of 
regulations – from amotivational regulation, through external regulation, introjected regulation, 
identified regulation, integrated regulation and finally to intrinsic regulation. 110–112 
 
In the context of this study, amotivational regulation refers to an overall lack of motivation in 
performing PA behavior and is located at the end of the behavior regulation continuum. External 
regulation refers to the presence of external motivation in the form of rewards to increase, or 
punishments to reduce participation in PA. Introjected regulation refers to engagement of PA 
behavior without personal conviction but mainly to avoid the feelings of guilt. Identified 
regulation, on the hand, refers to the engagement of PA behavior with personal conviction due to 
high level of importance placed on the activity. Integrated regulation refers to the engagement of 
PA behavior based on congruence with personal identity and values. Finally, intrinsic regulation 
refers to a state of being fully engaged in PA where one experiences fun and enjoyment. 110 The 
information provided by these variables may provide a broad understanding of the correlation 
between these different types of motivation and people’s willingness to participate in a RCT 
with a charitable component. 
 
6.1.1 Prevalence of Charitable Giving in Singapore 
The total donations made to Institutions of a Public Character (IPC), which are charitable 
organizations operated to benefit the Singapore community, have increased at an average annual 
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rate of 11 percent and reached S$776 million in 2010, up from S$381 million in 2001. Data from 
the 2011 Donations Landscape Study conducted locally showed that the prevalence of individual 
charitable giving to IPCs increased by about 13 percent compared with 2001. 113 It was also 
reported that tax-deductible donations rose 12 percent from 2013 to 2014 during which 
Singaporeans made a combined contribution of S$1.1 billion compared to S$970 million 
donated in 2013. 114 
 
6.1.2 Role of Prosocial Incentives in Motivating Physical Activity 
Prosocial incentives, which can be viewed as financial incentives that are based upon 
participants’ prosocial preferences, account for human predisposition for outcomes that in the 
best interest of another individual or to uphold prosocial norms. 115,116 Put differently, it is 
necessary to consider how humans may genuinely display empathy, unconditional kindness so 
much as to incur high physical costs upon themselves in order to benefit others. 117 Current 
evidence indicates that prosocial preferences can also be viewed as an intuitive part of human 
social life, one born out of a desire to seek reward, or promoted through exerting self-control 
over selfish impulses to give or help. 118,119  
 
Before exploring how prosocial incentives can be studied in actual research, it is important to 
describe the alternative perspective for characterizing such incentives through the lens of theory 
of reasoned action (TRA). The theory of reasoned action states that individuals will perform a 
behavior, in this case, physical activity, if their attitude toward the behavior is positive and if 
they believe that people who are important to them also think they should perform it. 120 At this 
point, rather than just pinpointing the theoretical framework that best summarizes prosocial 
incentives, both SDT and TRA are assumed to appeal to intuition and facilitate understanding. In 
other words, whichever the case, this study seeks to draw on these features to explore how 
prosocial preferences can motivate physical activity in the free-living setting. 
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For the purpose of this study, prosocial incentives refer to financial incentives given for donation 
to the charity of their choice contingent on complying with daily step goals. This study will also 
help the researcher gain a preliminary understanding of how prosocial incentives will influence 
individuals to follow through with the motivation to comply their daily step goal due to the role 
of favorable attitudes, normative beliefs, perceived control to result in fulfillment of intention. 120 
 
Understandably, there is a “disconnect” between intention and actual behavior of participation in 
physical activity to benefit others via prosocial incentives. The motivation to investigate 
intention and not actual participation in the RCT using prosocial incentives is mainly based on 
the desire to establish whether such a study centered on leveraging of prosocial incentives would 
motivate a wide range of people to participate should a RCT be carried out on a population level. 
Moreover, RCTs should be reserved for research with high-stakes implications, especially those 
that have significant impact on prescribing or policy-making decisions. In this case, the choice to 
conduct a web-based survey to tap into the respondents’ receptivity towards prosocial incentives 
and obtain preliminary information may be sufficient.  
 
The primary aim of this study is to explore whether survey respondents would be willing to 
participate in a hypothetical randomized controlled trial where either individual- or group-based 
financial incentives offered were tied to prosocial preferences (i.e. prosocial or altruistic 
incentives). The interest in comparing individual-based prosocial incentives to group-based 
prosocial incentives in motivating PA stems from the desire to understand whether group 
dynamics and peer support would drive behavior change more effectively than individual-based 
incentives, similar to findings from a previous investigation of financial incentives for 
promoting weight loss. 15  
 
This study incorporates some insights of behavioral economics and psychology, previous 
observational research and findings from Study 1 and 2 to provide a means of testing which 
incentive-type will affect respondents’ willingness to participate. An increased willingness to 
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participate may in turn encourage higher levels of physical activity when incorporated into a 
Singapore-wide steps movement. 
 
The key research hypotheses identified for testing are:  
1. The offer of prosocial incentives would result in greater willingness to participate in a 
hypothetical RCT with a charitable component, and also comply with a daily steps goal 
of 10,000 steps per day. 
2. The offer of group-based prosocial incentives would increase participants’ willingness 
to participate in a hypothetical RCT with a charitable component, and also comply with 




The design of this study was built on an online survey to solicit feedback on reasons why 
individuals might or might not choose to become more physically active or join specific physical 
activity campaigns to do so. Additionally, the survey also tested how stated willingness to 
participate in a randomized controlled trial with a charitable component would be influenced by 
type of financial incentives offered, and need to comply with a daily 10,000-step goal. The 
online survey (See Appendix 6.1 for Web-based Self-Administered Survey Form) was hosted on 
Survey Monkey and administered to a convenience sample (n=81) recruited through email 
invitations.  
 
Respondents’ prosocial preferences were measured through the Adapted Self-Regulated Scale 
(ASRS) (See Appendix 6.1 for Web-based Self-Administered Survey Form), a four-item self-
administered questionnaire, which was originally developed by Ryan and Connell and later 
adapted by Grant A to measure prosocial motivation. 121,122  
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Admittedly, as a point of clarification, the term “prosocial preferences” should not be viewed as 
similar to “prosocial motivation” and “prosocial behavior”. More importantly, these terms 
should not be used interchangeably because of inherent technical differences, and thus should be 
distinguished further. For instance, although prosocial motivation may be perceived as correlated 
with prosocial behavior, which can be understood through the act of donating money to charity, 
this, however, does not necessarily reflect prosocial preferences. Put differently, it could be 
reasoned that people may have prosocial preferences but still not be able to display prosocial 
behavior or motivation due to the lack of opportunity and individual budget constraints. Hence, 
unless the context of a perfect world is assumed, prosocial motivation, prosocial behavior and 
prosocial preferences, should be viewed as distinct constructs. 
 
The four items that measure prosocial motivation (hereby interpreted as suggesting that 
prosocial motivation was linked to prosocial behavior which, in turn, is driven by prosocial 
preferences) were “Because I want to help others through meeting my daily steps goal,” 
“Because I care about benefiting others through meeting my daily steps goal,” “Because I want 
to have a positive impact on others,” and “Because it is important to me to do good for others 
through meeting my daily step goals.” All four items were scored on a 7-point Likert-type scale 
from “1” (strongly disagree) to “7” (strongly agree). The ASRS score range is between 7 and 28 
with 7 being the minimum (lowest prosocial motivation) possible score, while 28 is the 
maximum (highest prosocial motivation) possible score. Depending on the scores obtained from 
survey respondents, new insights can be gained into the causes for which participants are 
motivated to meet their daily steps goal of 10,000 steps per day.  
 
A characterization of participants’ motivation for engagement in exercise and physical activity 
was made through the Behavioral Regulation in Exercise Questionnaire–3 (BREQ-3) (See 
Appendix 6.1 for Web-based Self-Administered Survey Form), a 24-item self-administered 
questionnaire, which was originally developed by Mullan and colleagues in 1997 123 and 
subsequently improved by Markland and Tobin in 2004, 111 and Wilson et al in 2006. 112 
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Utilizing the BREQ-3, an attempt was made to measure “intrinsic and extrinsic motivation,” 
“introjected and identified regulation,” and also the “integrated regulation” subscale. All 24 
items were scored on a Likert-type 5-point scale from “0” (not true for me) to “4” (very true for 
me).  
 
All statistical analyses were performed from an intent-to-treat perspective using Stata 12, where 
95% confidence intervals together with point estimates were reported and probability values of 
less than 5% considered to be statistically significant. The statistical methods employed 
comprised of the following steps.  
 
The first step involved summarizing the baseline demographic variables (e.g. gender, age, 
housing type as a proxy to measure socioeconomic status). For instance, data from continuous 
variables including age were summarized as means with standard deviations (SDs) if normally 
distributed. Otherwise, medians and inter-quartile ranges (IQRs) would be reported instead. Data 
from categorical variables including gender and physical activity level were summarized as 
percentages. Other data such as the number of survey respondents and responses to 5-point 
Likert-type scales were reported in a frequency table. 
 
The second step involved performing logistic regression analyses to evaluate the association 
between respondent characteristics (such as baseline demographic factors, prosocial incentives 
and prosocial preferences) and willingness to participate in a hypothetical RCT with a charitable 
component. This was performed by dichotomizing willingness to participate, by categorizing all 
respondents who gave the responses on the 5-point Likert-type scale, “Maybe” (39.5%; 
n=32/81), “Yes, probably (13.6%; n=11/81),” or “Yes, definitely (21.0%); n=17/81,” as 
“Willingness to participate”; and “Probably Not (21.0%; n=17/81),” “Definitely Not (4.9%; 
n=4/81),” as “Not willing to participate”.  
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This approach of simplification was also carried out for other categorical variables with similar 
5-point Likert-type scales so as to better reflect clear-cut, dichotomous outcomes commonly 
observed in clinical decision-making, and to increase statistical power. Chi-squared tests were 
performed for comparison on categorical variables to identify differences between respondents 
who were unwilling to participate and those willing to participate in the hypothetical RCT. 
Logistic regression analyses were performed to estimate both the unadjusted and adjusted odds 
ratios.  
 
A sensitivity analysis was also performed to check the sensitivity of the decision and examine 
how robust the results, particularly whether responses recorded as “Maybe” when recategorized 
to “Not willing to participate” would present different results. 
 
6.3 Results 
The majority of respondents were Singaporeans and Singapore Residents, from the author’s 
personal network including family, friends and colleagues and their social network (e.g. friends-
of-friends).  
 
Preliminary analyses of the data collected showed that the mean age of survey respondents was 
33.1 years (SD=6.9) and 74.1% (n=60/81) of them were female. Overall, 60 of the 81 survey 
respondents (74.1%) were considered willing to participate in a hypothetical RCT comprising a 
physical activity campaign with a charitable component (Table 6.1).  
 
Results gathered from the survey showed that 49.4% (n=40/81) of respondents displayed 
prosocial behavior (hereby interpreted as suggesting that prosocial behavior was driven by 
prosocial preferences) through donating cash to charity followed by donating goods for relief 
efforts, and among all respondents, 26.9% (n=18/67) of respondents reported having made 
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contributions through both cash and goods. About 10% of respondents (n=8) had donated in 
three different ways, including money, goods and time in the preceding 12 months (Table 6.1).  
 
Table 6.1: Self-reported demographic characteristics of survey respondents where “Maybe” 
responses were recategorized into “Willing to participate”.11 
Characteristic All survey 
respondents 
(n=81) 







Female, n (%) 60 (74.1) 14 (66.7) 46 (76.7) 0.368  
(NS) 
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a Pearson’s chi-square test. 
b Student’s t-test. 
NS: not significant (p>0.05). 
 
To determine the influence of demographic and other baseline characteristics on willingness to 
participate in a hypothetical RCT with a charitable component, bivariate analyses were 
conducted and the results showed that, in comparison with respondents who were unwilling to 
participate, those who were willing to participate were more physically active, and more likely 
to have donated their money, time and material goods in the preceding 12 months, and donated 
money to multiple charitable/social cause/nonprofit organizations. Respondents who were 
willing to participate were also more likely to have joined a physical activity event with 
charitable component in the preceding 12 months, and would consider joining a physical activity 
event with a charitable component, and would comply with daily step goals (10,000 steps/day) if 
randomly assigned to any of three intervention/control groups (Table 6.1). As a robustness check 
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of the findings, sensitivity analyses were conducted where responses originally recorded as 
“Maybe” were recategorized into “Not willing to participate” (Table 6.2a and 6.2b). 
 
Table 6.2a: Sensitivity analysis of self-reported demographic characteristics of survey 
respondents where “Maybe” responses were recategorized into “Not willing to participate”.12 
Characteristic All survey 
respondents 
(n=81) 







Female, n (%) 60 (74.1) 36 (67.9) 24 (85.7) 0.082  
(NS) 
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a Pearson’s chi-square test. 
b Student’s t-test. 
NS: not significant (p>0.05). 
 
 
A detailed comparison of the respondents surveyed who were willing to participate in a 
hypothetical RCT presented in Table 6.2a and Table 6.1 revealed that the direction of people’s 
willingness to participate would have been completely reversed depending on how responses 
were coded. From this recoding execise, when responses originally recorded as “Maybe” were 
recategorized into “Not willing to participate” and “Not willing to comply.”, at least 65.4% 
(n=53/81) of the 81 surveyed were no longer willing to participate, and only 34.6% (n=28/81) of 
the 81 surveyed were willing to participate in a hypothetical RCT (Table 6.2a).  
 
Similarly, of the 34.6% (n=28/81) of those surveyed who responded that they would participate 
in an RCT, about 14.3% (n=4/28) of respondents were indifferent, another 14.3%  (n=4/28) were 
at least somewhat unwilling, and 71.4% (n=20/28) were at least willing to comply with daily 
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step goals of 10,000 steps/day if they were randomized to the group that offered individual-
based incentives arm (Table 6.2b). For this reason, the findings should be interpreted with 
caution as the results were not robust to recategorization of responses.   
 
Of the 74.1% (n=60/81) of those surveyed who responded that they would participate in a 
hypothetical RCT, more than one-third 33.3% (20/60) were indifferent, 10% (n=6/60) were at 
least somwhat unwilling, and almost two-third 56.7% (n=34/60) of respondents were at least 
willing to comply with daily step goals of 10,000 steps/day if they were randomized to the group 
that offered individual-based incentives arm (Table 6.3).  
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Table 6.2b: Sensitivity analysis of self-reported willingness to comply with daily step goals in an 
RCT among survey respondents where “Maybe” responses were recategorized into “Not willing 
to participate”).13 
Characteristic All survey 
respondents 
(n=81) 







Would comply with daily 
step goals (10,000 
steps/day) if randomized 
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a Pearson’s chi-square test. 
NS: not significant (p>0.05). 
 
The latter result, however, fell to 13.3% (n=8/60) when respondents were presented with the 
option of a group-based prosocial incentives arm where they could choose their group members. 
Interestingly, these same respondents’ willingness to comply with daily step goals of 10,000 
steps per day increased by about two and a half times in which 35.0% (n=21/60) were at least 
willing to comply when they were told they would be randomized to a group-based prosocial 
incentives arm where there would be no choice of group members. Respondents’ willingness to 
comply with daily step goals of 10,000 steps/day was about one-third 31.7% (n=19/60) when 
 92 
they were told they would be randomized to the control group with no incentives provided 
(Table 6.3).  
 
Table 6.3: Self-reported willingness to comply with daily step goals in an RCT among survey 
respondents where “Maybe” responses were recategorized into “Willing to participate”.14 
Characteristic All survey 
respondents 
(n=81) 







Would comply with daily 
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steps/day) if randomized 
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a Pearson’s chi-square test. 
 
 
When respondents considered about their current level of physical activity, about 65.3% 
(n=32/49) of those who considered themselves to be physically active stated that they had 
donated in cash to charity in the preceding 12 months. When asked if respondents would 
consider joining a physical activity event with a charitable component, where they could raise 
 93 
money for the social cause or charity of your choice, the vast majority (93.9%; n=46/49) of those 
who had donated in cash to charity in the preceding 12 months indicated they would. 
 
Next, to determine the influence of demographic characteristics, participants’ prosocial 
preferences (interpreted as analagous to participants’ display of prosocial behavior) and offer of 
prosocial incentives on willingess to comply with daily step goals of 10,000 steps per day, 
logistic regression analyses were conducted. Both unadjusted and adjusted odds ratios were 
estimated for univariate and multivariate adjusted analyses, respectively (Table 6.4 and Table 
6.5).  
 
Univariate logistic regression analysis revealed that survey respondents’ age, gender, housing 
type, physical activity level, types of donation channels, ownership of smartphone, donation 
history comprising giving away money and volunteering time, donation history comprising 
giving away material goods and volunteering time, consideration to join physical activity event 
with charitable component, and joined a physical activity event with a charitable component in 
the preceding 12 months were not significantly associated with willingness to participate in the 
RCT with a charitable component. Two variables that were found to be significant in the 
univariate logistic regression analysis were respondents’ donation history comprising money and 
material goods and intention to participate in a physical activity event with a charitable 
component (Table 6.4). 
 
Multivariate logistic regression analysis revealed that a statically significant association with 
willingness to particapte in a hypotehtical RCT with a charitable component was demonstrated 
in respondents who were more willing to comply with daily step goals of 10,000 steps per day 
(coded as “Yes” and “No”) if offered individual-based prosocial incentives; group 1 (Adjusted 
OR = 28.16, 95% CI: 4.92 – 161.20, p<0.0001), followed by control group without incentives 
(Adjusted OR = 7.11, 95% CI: 2.04 – 24.76, p=0.002), and then group-based prosocial 
incentives without choice of group members  (Adjusted OR = 4.72, 95% CI: 1.48 – 15.11, 
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p=0.009). Group-based prosocial incentives with choice of group members (Adjusted OR = 
0.36, 95% CI: 0.11 – 1.13, p=0.081), was found to be associated with decreasing willingness to 
particpate compared to the other groups, albeit not statistically significant (Table 6.5). 
 
Comparison of the Pearson’s correlation coefficients showed that the respondents’ willingness to 
participate showed slightly positive correlation with all behavioral regulations in exercise and 
physical activity except intrinsic regulation, albeit weak and not statistically significant (Table 
6.6).  
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Table 6.4: Association of demographic and other baseline factors with willingness to participate 
in RCT with charitable component: Unadjusted odds ratios (OR) and 95% confidence 
intervals.15 
Variable Respondents  
(n=81) 
Univariate 






Unadjusted OR † 
(95% CI) 
p-value 





















































































Donation History Type, 
n (%) 
Money and Material 
Goods 
None 
1 of 2 
2 of 2 
Money and Volunteer 
Time 
None 
1 of 2 
2 of 2 
Material Goods and 
Volunteer Time 
None 
1 of 2 
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0.002 ‡ †	  Odds ratios were unadjusted. 
‡ p < 0.05. 	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Table 6.5: Association of willingness to comply with daily step goals with willingness to 
participate in RCT with charitable component: Unadjusted and adjusted odds ratios (OR) and 
95% confidence intervals.16 
Variable Univariate Multivariate 
Unadjusted OR 
(95% CI) 
p-value Adjusted OR † 
(95% CI) 
p-value 
Donation History Type, n 
(%) 
Money and Material 
Goods 
None 
1 of 2 
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0.002 ‡ †	  Odds ratios were adjusted for age and donation history comprising money and material goods. 






Table 6.6: Descriptive statistics and correlation between willingness to participate in a 
hypothetical RCT with charitable component and behavioral regulation in exercise and physical 
activity.17 




3.08 0.14 1.00       
2 Amotivation
al regulation 2.63 0.18 0.02 1.00      
3 External 
regulation 2.22 0.17 0.12 0.75** 1.00     
4 Introjected 
regulation 2.02 0.16 0.10 0.62** 0.55** 1.00    
5 Identified 
regulation 2.30 0.16 0.05 0.33** 0.37** 0.39** 100   
6 Integrated 
regulation 2.00 0.16 0.02 0.38** 0.37** 0.54** 0.44** 1.00  
7 Intrinsic 
regulation 2.14 0.16 -0.06 0.21 0.22* 0.33** 0.49** 0.61** 1.00 
Note: Willingness to participate in RCT was rated using a 5-point, Likert-type scale ranging 
from 1 (definitely not) to 5 (yes, definitely). 
* p < 0.05 ** p < 0.01. 
 
Majority of respondents (70%, n=42/60) who were willing to participate in a hypothetical RCT 
with charitable component indicated that they had high levels of prosocial motivation as 
measured with the items: “Because I want to help others through meeting my daily step goals,” 
“Because I care about benefiting others through meeting my daily steps goal,” “Because I want 
to have a positive impact on others,” and “Because it is important to me to do good for others 
through meeting my daily step goals”  from ASRS. 
 
Another preselected set of reasons for non-willingness to participate were provided to 
respondents who were unwilling to participate in a hypothetical RCT with a charitable 
component (Table 6.7). More than two-thirds of responses were either neutral, had no answer, or 
disagreed with the reasons provided. Other reasons cited include: “Because I am a stay-at-home 
mother, I can't give my time for the activity,” “Because I am pregnant,” and “Because I give on 




Table 6.7: Reasons for non-willingness to participate in the RCT with a charitable component.18 










Because I have 
already given 
enough through 
my own efforts 
7 (33.3) 3 (14.3) 6 (28.6) 5 (23.8) 
Because I do not 
walk more than 
10,000 steps/day 
to make a 
difference 
7 (33.3) 3 (14.3) 4 (19.0) 7 (33.3) 
Because I am not 
in the best of 
health to 
contribute 
6 (28.6) 3 (14.3) 3 (14.3) 9 (42.9) 
Because exercise 
is not my priority 7 (33.3) 3 (14.3) 5 (23.8) 6 (28.6) 
6.4 Discussion 
The results showed that as many as 34.6% of 81 respondents who agreed to participate in this 
survey indicated a willingness to participate in a hypothetical RCT with a charitable component 
that randomly assigned individuals to an individual-, or group-based incentives group or to 
a control group to evaluate the effectiveness of financial incentives tied to prosocial preferences. 
In this case, this stated willingness to participate in the trial may help predict how the actual 
enrollment decisions would turn out. However, on the flip side, this result may have also created 
the expectation of an outcome where the majority of participants (75%) may decline to enroll. 
 
Despite the potential of participants declining to participate, the results showed that for 
individuals who were willing to participate in the hypothetical RCT, a higher compliance could 
be expected from about 9 out of 10 respondents if they were assigned to intervention arm with 
individual-based prosocial incentives.  
 
Interestingly, a lower compliance would be expected from about 7.5 out of 10 respondents if 
they were assigned to intervention arm with group-based incentives without choice of group 
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members; however, this concern with compliance would be expected to be even lower among 
about 2.5 out of 10 respondents if they were assigned to intervention arm with group-based 
prosocial incentives with choice of group members.  
 
When respondents were told they would be randomly assigned to the control group where no 
incentives were offered, the number of compliers was 6 out of 10. As such, the compliance rate 
in the control group was lower in comparison with the individual-based prosocial incentives 
arm; slightly lower to the group-based prosocial incentives arm without choice of group 
members; and finally, higher in comparison with the group-based incentives arm with choice of 
group members. It seems unlikely that the ability to choose one’s group members in a group-
based incentives arm would result in a lower compliance rate than that expected from those not 
at liberty to choose their group members. The presumed need for autonomy resulting from the 
broad discretion and perceived control in choosing one’s group members did not automatically 
lead to higher compliance. This is an unexpected observation that can not be explained in detail 
yet, which perhaps warrants future investigation through qualitative methods. 
 
The senstivity results showed that the number of respondents who had originally indicated (i) 
willingness to participate in a hypothetical RCT with a charitable component shifted downwards 
considerably from 60 to 28; and the number of respondents who had originally indicated (ii) 
unwillingness to participate in the hypothetical RCT shifted upwards from 21 to 53 where 
responses recorded as “Maybe” were recategorized as “Not willing to participate.” Overall, the 
senstivity analyses allowed the two scenarios to be contrasted, and based on the outputs, an 
appreciative change with the broad trend had been detected (Table 6.2a and 6.2b). On the whole, 
the results based on the sensitivity analyses yielded inconsistent results. The inconsistency of 
results that arose as a result of differing estimates following the recoding exercise is problematic 
and a major limitation that should not be ignored. In this case, a different approach such as using 
a multinomial logistic regression model, for instance, may be warranted to analyse the data. 
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Admittedly, the amount of bias arising from the use of a convenience sample cannot be over 
emphasized. With hindsight, it might have been more appropriate to adopt a more rigorous 
sampling method instead. For instance, a sampling frame of all the employees of the school 
arranged in an alphabetical order or other random order could have been used. Alternatively, a 
proportional stratified sample that is stratified by level and workstation located within the school 
could have been used to correct for sample selection bias. 
 
It was interesting to note that age was not significant on univariate logistic regression analysis 
with the willingness to participate in a hypothetical RCT with charitable component even though 
age is generally considered to be an important factor for physical activity levels and trends 
worldwide, particularly how physical inacitivty increases with age. 124,125  A possible reason why 
age failed to prove significant in the univariate and multivariate logistic regression analyses 
might be that the participants in the convenience sample largely consisted of young adults (≤39 
years old), and middle-aged and older adults (≥40 years old) were not as well-represented in the 
sample. As such, even though age was not a significant predictor in univariate logistic regression 
analysis, it was reconsidered for multivariate analysis. 
 
A possible explanation for the underestimation of the unadjusted odds ratio, and hence 
differences observed between the unadjusted odds ratio and adjusted odds ratio for predictors as 
summarized in Table 6.3 could be that the confounders were inversely related to the willingness 
to participate in the hypothetical RCT with charitable component. 126 
 
Compared with respondents who were unwilling to participate, those who were willing to 
participate were more likely to have a donation history where they had donated money and 
material goods, and were more likely to comply with daily step goals (10,000 steps/day) 
regardless of the intervention/control group randomly assigned to. Additionally, respondents 
who reported high levels of prosocial motivations were more willing to participate. Although no 
main reason for non-willingness to participate in RCT with a charitable component could be 
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singled out, qualitative interviews with respondents could be incorporated into the design of 
future studies so as to provide further insights into the reasons behind unwillingness to 
participate. 
 
There are currently two conceptually similar randomized studies being conducted in the United 
States and in Singapore: 
1. The first study was undertaken by Foy and colleagues in the United States, which had 
incorporated elements of prosocial behavior where participants were each given the 
opportunity to earn packaged food in the form of boxes, cans and bags of food for 
donation to the food bank based on their weekly physical activity, instead of financial 
incentives as a way to motivate enrolled participants to engage in physical activity and 
demonstrate prosocial preferences. 127 
2. The second study is a recently completed study undertaken by Finkelstein and 
colleagues in Singapore at Duke-NUS that had examined the effects of economic 
incentives consisting of financial and charitable incentives for promoting physical 
activity among full-time employees in a workplace setting. 128  
 
Comparatively, there is a possibility that interventions with financial incentives may have a 
higher perceptual salience and impact than packaged food. 127 Nonetheless, the experimental 
confirmation of these concepts awaits the results of these randomized studies.  
 
6.4.1 Limitations 
This study has several limitations: (i) One major limitation lies in the reliance on 
recoding/collapsing of variables or recategorization of survey responses, in addition to the use of 
binary logistic regression as the choice of analytical strategy to explain the relationship between 
prosocial incentives and willingness to participate in a hypothetical RCT with a charitable 
component;  (ii) The exploratory nature of this study does not allow causal relationships to be 
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established, particularly the use of self-reported data in the self-admnistered web-based survey. 
Additionally, the use of such proxy measure of behavior may potentially introduce bias in the 
actual RCT enollment or trial participation among subjects. In other words, there is a possible 
discrepancy between the hypothetical willingness to participate in a RCT and the actual behavior 
of enrollment and participation. Although the majority of respondents were willing to participate 
in the trial, it is not known how many would actually do so when the trial enrolment begins; (iii) 
The use of prosocial incentives as described in the study was also pending additional data 
including data on feasibility and efficacy in the selected population prior to the trial, thereby 
negating any conclusions that can be drawn about the comparison between hypothetical and 
actual between-group differences; (iv) A representative sample created by random sampling and 
sample size calculation would have been more accurate for evaluating the hypothetical 
willingness to participate in a trial than with a convenience sample conducted via some sort of 
chain-referral sampling based on email invitation requesting volunteers to participate. This 
selection approach may therefore render subsequent comparison of within versus between 
groups across non-willingness to participate and willingness to participate inaccurate and non-
representative of the larger Singapore population to which the sample belonged. Furthermore, no 
formal sample size calculation was carried out so as to determine the theoretical minimum 
sample needed to provide the best estimate of the true effect size; (v) A possibility of non-
response bias given that individuals who were interested in participating in the survey were more 
likely to respond and this would artificially inflate the overall willingness to participate; (vi) 
Besides the bias introduced through sample selection (i.e. selection bias), there might have been 
some other biases such as the social desirability bias due in part to the fact that majority of 
respondents were family, friends and colleagues. Even though the survey was administered 
anonymously online through Survey Monkey, respondents might have been inclined to provide 
socially desirable answers so as to please the author or to ensure that her study would have 
favorable outcomes, thereby limiting the generalizability of the findings; (vii) As the sample 
consisted of predominantly females who were young adults (≤39 years old), it might have been 
possible that age and gender differences might have affected respondents’ self-esteem and self-
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confidence, thereby contributing to the inaccuracy of perceived compliance with the daily step 
goals (10,000 steps/day). 129,130  
 
The findings presented in this chapter could not fully address the concerns regarding the 
effectiveness of prosocial incentives in motivating physical activity RCT. The conclusions 
obtained were however, based on individual participants’ ability to make hypothetical choices 
about willingness to participate in a hypothetical RCT with a charitable component. 
Furthermore, survey respondents might not have considered the possible trade-offs associated 
with increased physical activity during normal daily life under free-living conditions. It would 
also be worthwhile to consider characterizing future enrollees by their occupation and other 
associated factors so as to gather additional data about barriers to participation and/or 
compliance to physical activity events with a charitable component. 
 
On the whole, when discussed as a comparison with existing literature, the results from this web-
based survey might be useful in guiding future research in using financial incentives tied to 
prosocial preferences – for donation to choice of social cause or charity, compared to traditional 
financial incentives – for self-consumption and self-benefiting, to bring about physical activity 
behavior change among adults in the Singapore context. 
 
6.5 The Next Chapter 
The next chapter presents the summary of main findings across the three studies, and the 




Conclusion and Summary of Implications 	  
“I think that players play, and they compete, and it’s not about incentives.” 
 
David Stern 	  	  
7.1 Study 1 
The literature review provided a summary of useful insights into the current state of literature. 
First, there were different degrees of methodological heterogeneity across the studies. The types 
of heterogeniety ranged from the intervention duration whether it was 4 weeks or 12 months to 
the study setting whether it was conducted in the community or at the workplace; the outcome 
measure whether it was minutes spent on moderate-vigorous physical activity, attendance of 
structured programs, or gym attendance; the use of additional intervention components that 
accompanied the financial incentive including educational materials and motivational 
interviews.  
 
Second, there was a lack of investigation into the economic implications of such incentive-based 
interventions and assessment of the effectiveness of these interventions to change health 
behaviors and improve health over the long run. For instance, because financial incentives might 
or might not have been cost-effective, it would be worthwhile to examine the cost-
effectiveness data as a precursor to an in-depth economic evaluation that might eventually help 
policy makers synthesize evidence for use of financial incentives to promote free-living physical 
activity over an extended period of time.  
 
Finally, there was a lack of large scale methodologically rigorous RCTs that examined the long-
term impact and effectiveness of these incentive-based interventions.   
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7.2 Study 2 
Study 2 provided an overview of a randomized controlled feasibility trial that employed 
tournament-style financial incentives and a smartphone app technology for self-monitoring of 
stair use in a workplace setting. While the study produced mixed results, the data-set that 
covered a range of questions on attitudes among participants toward interventions for promoting 
physical activity helped form the baseline understanding of incentive strategies that might serve 
to inform the decision-making process to further leverage financial incentives in larger RCTs.  
 
Using the baseline information from this study, there is then the possibility for future work to 
extend the understanding to do the following: 
1. Improve validity and reliability of outcome measurement 
The biggest shortcoming of this study is its failure to address questions related to the 
reliability and validity of a QR code scanning application for smartphones as an outcome 
measure of stairs use. As such, there is a need for improved methods and tools for the 
accurate measurement of step count without the hassle of physically scanning QR codes 
both when entering and exiting the stairway. The potential increase in accuracy of this 
approach will help not only to resolve issues related to validity and reliability in objective 
monitoring of stair use but also bring the focus back to the purpose of testing the efficacy of 
the incentive design.  
 
2. Well-designed financial incentives interventions for boosting stair utilization  
The use of tournament-style financial incentives, as part of a health promotion intervention 
to encourage preventive health behavior like stair use at the workplace, can contribute to 
poor resource allocation if it reaches only a limited pool of participants with high baseline 
levels of leisure-time physical activity levels and economic access. While the data provided 
in this study has revealed some information about the effect of financial incentives in terms 
of magnitude, frequency, and timing of delivery, there is still much to be determined. This 
implies a greater need for well-designed financial incentive interventions that leverage an 
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incentive framework to facilitate resource planning and target healthy adults, who are living 
in a rapidly ageing and increasingly sedentary population like Singapore, at reasonable costs. 
131  
 
3. Expand into multicomponent intervention efforts to increase stair usage 
The present randomized controlled feasibility trial targeted a single objective by focusing 
solely on tournament-style financial incentives to increase stair use within the workplace. 
Future research should target multiple objectives by investigating multicomponent 
interventions that may include an effective incentive scheme supplemented with tailored 
point-of-decision prompt messages and social support activites to increase stair use. The 
data provided in this thesis could also be used to lay the foundation to help employers take 
steps to channel appropriate funding and improve delivery systems needed to promote 
workplace health promotion initiaitives effectively, equitably and sustainably. Over the long 
term, multicomponent intervention strategies, which can also be interpreted as a balanced 
lifestyle ecosystem approach, may not only offer the promise of additional convenience but 
also deliver effective physical activity opportunities among the workplace population.  	  	  
7.3 Study 3  
Study 3 provided an initial understanding of the role of prosocial preferences to inform the 
design of a financial incentive intervention for promoting physical activity through a web-based 
self-administered questionnaire. The preliminary data suggests that it may be possible to appeal 
to people’s prosocial preferences that will lead to a greater tendency or willingness to participate 
and comply with daily step goals when offered individual-based prosocial incentives followed 
by group-based prosocial incentives (without choice of group members). However, as the study 
is based on a convenience sample of survey respondents comprising members of personal social 
network recruited via email, the generation of meaningful data and therefore meaningful data 
interpretation becomes inherently problematic – a fundamental methodological limitation that 
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can not be ignored. For these reasons, it is still too early to speculate whether prosocial 
incentives can be incorporated into physical activity interventions to increase compliance with 
daily step goals of 10,000 steps per day and produce favorable long-term health outcomes 
among residents and citizens living in Singapore. 
 
7.4 Concluding Statement 
On the whole, the research in this thesis has contributed by reducing uncertainties pertaining to 
the short-tem effectiveness of financial incentive schemes in motivating physical activity. It also 
cautions the need to scrutinize the incentive design, validity and reliability of outcome measure 
and measure for assessing physical activity used in the study before drawing conclusions about 
the effectiveness of financial incentive schemes on physical activity. Consequently, failure to 
incorporate valid and reliable outcome measure and outcome tool for assessment of physical 
activity can lead to grave errors in establishing the impact of financial incentives. Moreover, not 
accounting for the differential levels of physical activity engagement of participants prior to the 
start of the RCT, and lack of safeguards against the phenomena of “gaming the system” can 
confound the effectiveness of financial incentives.  
 
Although the research presented in this thesis has provided some preliminary evidence in 
suggesting how financial incentives may have limited effectiveness in motivating physical 
activity, largely due to the fact that the results are not sustained beyond the post-intervention 
period after the incentives are discontinued. There are still some questions that remained to be 
explored, particularly in determining the role of other types of financial incentives in promoting 
physical activity in Singapore in order to fill the knowledge gap. The use of incentive schemes 
oriented towards driving competition among participants may also raise concerns for being 
potentially inequitable due to the prize structure. Nonetheless, preliminary evidence suggests 
that for the individuals sampled according to convenience, individual-based prosocial incentives 
may likely inspire action to engage and comply with physical activity goals. However, likely 
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because of concerns of direct and indirect costs over the long run, it remains unclear whether it 
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Appendix 3.2: Post-Study Survey Form.3 
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Appendix 3.3: Participant Recruitment Email.4 
Subject Line: SSHSPH Research Study in MD3 – Recruiting Participants 
 
Dear [First Name], 
 
Physical activity has been known to be beneficial to our health. This is a research study where we 
learn whether financial incentives could be effective in motivating physical activity through 
improving uptake. Through this study you can contribute to the current understanding of lifestyle 
interventions for physical health regardless of individual background. 
 
You are invited to take part in a 6-week pilot study The Role of Financial Incentives in 
Promoting Stair Use that involves a stair climb program in the MD3 building. Your participation 
is greatly appreciated to help us better understand the role of financial incentives in promoting 
physical activity, please click on the link below to complete the online questionnaire, which will 




If you agree and are eligible to take part in this study, you will be randomly allocated to either 
the financial incentive or control (no financial incentive) group. Your decision to participate 
in this research is entirely voluntary, and you can also withdraw / opt-out from the research at 
any time. If you decide to withdraw from our study, please notify us at 
sph.stepjockey@gmail.com to tell us the reason. You will also be assigned a Participant 
Identification (ID) number and only this assigned ID is used through this study. The data 
collected during the 6-week study will be kept confidential by the research team. 
 
Incentives Offered 
1. S$10 NTUC FairPrice Supermarket Voucher for completion of pre- and post-study 
surveys and scanning of QR codes on StepJockey posters when using the stairs and/or 
lift. 
2. S$150 cash prize awaiting top winner from the financial incentive group only in each age 
group (i.e. 21-29 years and ≥30 years). 
 
If you wish to find out about the inclusion and exclusion criteria of the research study, please 
refer to the first page of the survey for a copy of the Participant Information Sheet and Consent 
Form.  If you have questions on the study or incentives, please contact Ms. Bernie Guan at 
sph.stepjockey@gmail.com. For any other questions on the study, please contact the Principal 
Investigator, Dr. Joanne Yoong at (+65) 6516 6930 or joanne_yoong@nuhs.edu.sg.  
 





Graduate Student, Saw Swee Hock School of Public Health, NUS 
Email: sph.stepjockey@gmail.com 
 
Please note: If you do not wish to receive further emails from us, email us at 
sph.stepjockey@gmail.com to let us know your primary reason for unsubscribing. Please also 













Appendix 3.5: Consent Form.6 
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Appendix 6.1: Web-based Self-Administered Survey Form.7 
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